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13.  ABSTRACT 


The  first  generation  of  what  may  be  considered  a  new  concept  in  lightweight 
insulated  military  footwear  in  a  pull-on  type  construction  was  produced  by  inte» 
grally  casting  and  expanding  liquid  polyurethane  systems. 

The  footwear  developed  meets  the  original  requirements  established  under  this 
program  to  develop  a  lightweight  impermeable  boot  with  insulation  sufficient  to 
provide  protection  f'.r  L'  pours  inactivity  at  -20 T.  The  average  weight  of  a  size  1C 
boot  is  21;  ounces,  as  compared  with  U*  ounces  for  the  standard  (Black)  insulated 
Cold-Vfet  Boot.  The  water  absorption  of  the  new  footwear  is  less  than  5  percent 
by  weight. 

The  insulative  properties  of  the  lightweight  integrally  cast  polyurethane 
footwear  when  new  are  equal  to  o:'  better  than  the  standard  insulated  cold-wet 
boot;  there  is  no  significant  change  in  insulative  properties  after  wear. 

The  developed  laboratory  procedures  were  used  to  design  and  put  into  operation 
a  pilot  plant  facility.  Initial  production  of  footwear  indicates  that  the  economic? 
and  processes  involved  may  be  satisfactory  for  the  final  commercialization  of  this 
new  concept  of  lightweight  insulated  footweAr. 
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FOREWORD 


Dtffcns:*  co?mtnertto  necessitate  increasing  the  mobility  of  the  combat 
while  providing  him  with  maximum  environmental  protection.  The 
.•!r,r  i  .'.i  properties  and  thermal  adequacy  of  the  standard  black  insulated 
.  «■  fnr  'old-wet  use  have  been  validated  by  actual  field  experience.  These 
per  tier  vors  achieved  at  the  expense  of  weight  (each  boot  weighs  between 
aO-l*.  curwes; .  In  reference  to  energy  consumption  of  the  combat  soldier, 

•t  ul-or  ndicafc  that  one  ounce  of  weight  carried  on  the  foot  is  equivalent 
.1.x  ounces  carried  on  the  back  of  the  combat  soldier  (two  bO-ounce  boots 
sr--.  equivalent  to  30  pounds ) ,  In  view  of  this  information,  the  development 
cf  c  ico  concept  for  producing  lightweight  insulated  footwear,  while  retain - 
•eng  ether  required  physical  properties,  becomes  essential. 

This  report  summarizes  the  work  performed  in  the  development  of  durable, 
flirilbic,  lightweight.,  insulated  footwear  in  a  pull-on  type  construction 
veigrung  appro ximately  2Li  ounces  per  boot  in  size  9  with  insulation  suffi¬ 
cient  to  provide  protection  for  2  hours  inactivity  at  -20°F.  Under  the 
roper-vision  of  the  author  as  Project  Officer,  materials  research  studies, 
development  of  production  procedures  and  the  production  of  prototype  light¬ 
weight  insulated  boots  by  the  integrally  cast  technique  were  performed  by 
vhireyai , Inc .  In  addition,  sectional  calorimeter  copper  foot  studies, 
eiiinatic  chamber  evaluation  and  determination  of  physical  property  character- 
re  tics  were  carried  out  at  U.  S.  Army  Natick  Laboratories  and  limited  research 
Arctic  field  tests  were  conducted  in  Alaska,  all  under  the  monitorship  of  the 
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ABSTRACT 


-he  first  generation  of  what  .?iv  on  considered  a  rev  : 


in 


lightweight  insulated  military  footwear  in.  a  pull -no.  type  construct  icr 
was  produced  by  integrally  casting  and  expanding  liquid  polyurethane  system 


The  footwear  developed  meets  the  original  requirements  3  stab  lisps*' 
order  this  program  tc  develop  a  lightweight  impermeable  boot  with 
insulation  sufficient  to  provide  protection  for  ?  hours  inactivity  at 
-20  F.  The  average  weight  of  a  size  10  boot:  is  24  ounces,  as  compared 
with  44  ounces  for  the  standard  (Black)  insulated  Cold-Wet  Boot.  The 
water  absorption  of  the  new  footwear  is  less  than  5  percent  by  weight. 

The  ir.sulative  properties  cf  the  lig'ntv.’sigat  integrally  cast  poly¬ 
urethane  footwear  when,  new  are  equal  to  or  better  than  the  standard  insulate 
cold-wai  boo* j  there  is  y.c  significant  change  in  ir.sulative  properties 
after  wear. 


The  developed 
operation  a  pilot 
that  the  economics 
commercialization 


laboratory  procedures  were  used  to  design  and  put  into 
plant  facility.  Initial  production  of  footwear  indicates 
and  processes  involved  may  be  satisfactory  for  the  final 
of  this  new  concept  of  lightweight  insulated  footwear. 


mill 


FINAL  DEVELOPMENT  OF  LIQHTWEICKT 

(gold-wet)  xnscutkd  footwear 


1 .  Introduction 


Previously  completed  materials  research  studies,  processing  techniques 
and  fabrication  of  a  limited  number  of  experimental  lightweight  insulated 
footwear  exceeded  initially  established  goals  and  indicated  that  it  is 
possible  to  provide  significantly  lighter  weight  insulated  boots  without 
decreasing  the  effectiveness  of  the  insulation  value  over  that  of  the 
current  standard  black  insulated  U.  S.  Amy  boot  which  was  designed  for 
cold -wet  wear. 

The  standard  black  cold-wet  insulated  footwear  weighs  approximately 
UO-hh  ounces  per  boot.  In  reference  to  energy  consumption  of  the  combat 
soldier,  studies  indicate  that  one  ounce  of  weight  carried  on  the  foot  13 
equivalent  to  6  ounsas  carried  on  the  back  of  the  ooinbat  soldier  (two  U0- 
ounce  boots  are  equivalent  to  30  pounds). 

The  data  previously  developed  both  in-house ^  ^  and  uncer  contract, 
which  included  the  development  of  formulations,  processing  techniques,  mold 
design,  footwear  design,  actual  production  of  prototype  footwear  including 
materials  evaluation, and  laboratory  and  limited  field  evaluation  of  experi¬ 
mental  boots,  were  used  as  the  initial  starting  point  for  the  continuation 
of  the  development  of  the  required  lightweight  insulated  footwear.  The 
work  covered  in  this  report  was  based  upon  the  conclusions  reached  and 
the  trends  established  by  the  previous  work  and  continued  from  that  point. 

2.  Development  of  Current  Standard  Insulated  Footwear 

The  princi  !e  of  the  current  standard  insulated  boot  was  conceived  during 
World  War  n.  The  resultant  development  of  design  and  fabrication  methods 
saw  the  production  of  Insulated  footwear  for  use  in  the  Korean  War.  Fcr  the 
first  time,  a  soldier’s  feet  were  protected  from  cold  injuries  under  cold-wet 
conditions . (d) 

The  results  of  continual  modifications  and  improvements  in  materials, 
design  and  fabrication  teciniquas  since  the  Korean  War  are  evidenced  in  the 
development  of  specification  requirements  (5)  for  an  insulated  boot  for  cold- 
wet  use.  This  boot  was  designed  to  protect  feet  £ro~  cold  injury  and  frost¬ 
bite  in  areas  where  moisture  and  cold  are  critical  factors,  where  the  mean 
monthly  temperature  ranges  between  lU°F  and  68 °f  and  where  temperatures  do 
not  fall  below  -20°F. 

The  physical  properties  and  the  thermal  adequacy  of  the  black  standard 
insulated  boot  fo1*  cold-wet  use  (service  down  to  -20°p)  have  been  validated 
by  actual  field  experience.  These  properties  were  achieved  at  the  expense 
of  bulk  and  weight  -  each  boot  weighs  UO-Ui  ounces. 
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Iks  objective  is  bn  achicvs  dutabls,  flexible.;,  li  omT-r  v  . ;, 

insulated  footwear  weighing  approximately  2L  ounces  per  beet  in  rise 
which  is  iinpemeafele  (water  absorption  maximum  vei;’Kb  gain  and  whir-h 
has  adequate  fh^rral  insulation  to  permit  service  down  to  ~20c'f  for  periods 
of  two  (2)  hoars  of  iTsactiTity- 

'Ike  integrally  cast  technique  using  pelyuret^ha.no  polymer  .oystomc  penm-it ? 
a  reduction  in  the  number  of  parts  required;,  as  veil  as  the  ell'lLnaticn  at 
seams,,  adhesives,  snd  complex  fabricating  techniques  that  could  result  in 
weak  areas  or  failure  points  in  boots  assembled  by  conventional  fabricating 
Invimiquas .  Boots  in  a  pull-on  type  construction  produced  by  this  method 
should  result  in  boots  that  are  more  reliable  from  the  .standpoint  of  retain¬ 
ing  insulating  properties ,  less  complex  to  produce;  lighter  in  weight  and 
lover  in  coat.  In  addition,  the  boots  produced  by  this  integrally  cast 
technique  may  alac  be  superior  in  areas  of  fit  and  flexibility  than  conven¬ 
tionally  fabricated  boots  in  a,  pull-on  type  construction. 

An.  extensive  review  of  the  work  previously  completed  Indicated  that  the 
teQhsxLquft  of  integrally  casting  or  expanding  in-place  a  lightweight  inflate', 
boot  using  polyuretharw  polymer  systems  in  a  pull-on  type  construction  ciTernd 
tire  greatest  potential  for  the  attainment  cf  the  objective.  A  reduction  to 
practice  of  the  concept  of  integrally  cast,  expanded  polyurethane  feeivoar  was 
achieved  and  shown  to  bo  feasible  on  a  semi. -production  basis.  limited  cop 
foot  rsectional  ealaadmoiar  data  and  preliminary  performance  studies  indicated 
that  the  desired  thermal  insulation  properties  for  a  lightweight  inaulated 
boot  could  be  achieved. 

However ,  it  was  determined  that  in  order  to  produce  a  boot  to  meet  the 
overall  objectives  by  the  integrally  cast  techniques  the  following  had  to  be 
accomplished ? 

a.  Tmpsrr-r.*  ths  l/m  crarperature  flexibility  of  the  polyurethmxe  materials 
to  provJ dft  *,  more*,  flexible  boot. 

h»  Increase  the*  durability  and  punetor.  vv^istanoe  cf  the  vatsr  skin. 

c.o  rc.-c’cldc  additional  insu.lati.on  in  arc: :  forward  cf  the  ?«nfclo  and  xi. 
the  heel  and  .sole  scut  ion*:. 
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d.  Improve  traction  of  the  outsole. 

e.  Seep  at  a  minimum  the  compresaion  set  of  low  density  materials. 

f .  Develop  the  optimum  overall  fit  that  can  be  achieved  with  the 
pull-on  type  ooncept. 

g.  Reduce  slippage  at  the  heel  and  improve  donning  and  doffing 
characteristics . 

h.  Final!'  a  processing  and  fabrication  techniques. 

i.  Develop  production  procedures. 

j .  Improve  appearance . 

Ij.  Materials  and  Design  Studies 

Polyurethane  compounds  for  use  in  producing  the  various  components  of 
lightweight  insulated  footwear  (outer akin,  upper  insulation,  outsole)  were 
developed  (see  Appendix  A  for  formulation  and  test  data  that  exhibit  the 
best  average  properties  achieved  for  each  boot  component,  except  the  sock¬ 
lining).  A  last  and  a  mold  were  also  designed  that  should  provide  a  good 
fitting  boot  in  a  pull-on  type  construction.  (°) 

a.  Materials  Studies 


Studies  using  various  combinations  of  polyurethane  prepolymers , ex¬ 
panding  and  curing  agents,  and  plasticizers  have  resulted  in  achieving 
compound  properties  as  follows i 

(1 )  Sprayed  Outer  Skin 

Compounding  studies  resulted  in  the  development  of  a  low  modulus 
polyurethane  skin  compound  that  will  allow  some  stretch  in  the  finished 
boot  when  it  is  donnea  and  doffed  at  service  temperatures  down  to  -20°f. 

The  compound  possesses  good  tear  and  tensile  properties  that  should  result 
in  a  durable  puncture  resistant  skin. 

(2)  Upper  Insulation 

All  of  the  selected  desirable  compounds  obtained  from  the  evalua¬ 
tion  of  the  outer  skin  formulations  served  as  a  starting  point  for  the  prep¬ 
aration  of  an  adequato  foam  insulation  compound.  Compounding  studies 
resulted  in  the  development  of  an  insulating  material  (approximately  13  lb/ft  '’ 
containing  approximately  90%  closed  cells  that  should  provide  the  required 
overall  physical  characteristics  including  low  temperature  properties. 

Control  of  cell  size  and  compound  shrinkage  was  achieved. 


3 


Th-s  pclyjxethane  c-taoic  compound  previously  developed  ".sea  mvtr.y" 
iene  chloride  an  the  expanding  agani.  The  cut  sole  prciaced  p divided  t\v-.- 
afcraoicc  resistance;  however,  tha  sole  was  considered  to  be  et.'.ri'  ari  '■*■• 
tamperaturos  the  Iranian  was  rot  considered  adequate.  Durirg  Ut.-»  >u t.---.  1-e 
om;>>ur.dic.g  studies,  nitrogen  was  substituted  for  methylene  cfcleri.:^  r:r 
blowing  agent.  Nitrogen  was  selected  since  it  allows  greater  fl-  a..-  ;  .*. 
ir.  iJL*  use  of  plasti  iters  thereby  producing  a  mors  resilient  outsr;  ...  .'f¬ 
lu  s  the  versatility  of  pr. -da-ting  a  closed  cell  structure  at  lower  3*sr.a.i'v.  '*4 
.* « ■•.iitlug  in  the  formation  of  a  stricture  containing  a  greater  trember  of 
rl:  •••■?<?.  cells  over  that.  :f  other  blowing  agents.  A  low  rar  aulrrs.  mot's  r-‘Oi. 
compound  with  a  density  of  2 ->-28  lbs/f+3  was  developed.  An  outeolr  pc.decca 
from  this  compound  bad  improved  low  ianqperature  properties  and  srwald  provide 
better  traction  but  with  reduced  abrasion  resistance.  Actual  wear  tests  were 
:  r'.itucted  on  outsci&s  produced  from  this  compound. 

a"  )  v  r.s.:lg_Wear_  Test 

Sbr..°a  wear  char* ybwristics  of  the  outsold  and  .abrasion  reeis**'.  <=..: 
Msidered  to  be  one  of  the  mere  critical  properties  contributing  to  the  ever 
all  durability  of  the  finished  boots,  actual  wear  tests  ware  conducted  prior 
to  initiating  assign  studies  and  fabrications  of  prototype  boots. 

Three  typ^s  of  bcots  were  wear  tested  in  order  to  determine  whether 
tha  newly  developed  low  modulus  nitrogen  expanded  compound  will  be  accep* ab".  ‘ 
These  toots  are  identified  as  follows  s 


(a)  The  standard  black  (cold -wet)  insulated  boots  weighing  approximately 
i*8  ovvr,...-3  each  U3*d  a3  the  control  item. 

(b)  An  existing  previously  developed  integrally  oast  polyurethane  black 
lightweight  insulated  right  foot  prototype  with  the  methylene  hloride  '  x- 
panaed  solid  cuterskir  sole  with  a  chevron  design,  designated  as  toot  IC-312 
weighing  l6.2  fences.  (Appendix  B). 

{.}  An  experimental  light- -colored  toot  (left  boot)  with  the  newly  dsv-,1- 
•. c-rj  1  -»w  modulus  nitrogen  expanded  outsold  with.  Lug  dasign.* 


A  200-mile  actual  wear  test  was  conducted  on  all  of  the  boots.  The  test 
sublet  wore  the  pair1  of  standard  insulated  boot3  over  a  wear  course  consist 
lug  of  9C56  macadam  pavement  and  1 0J6  sonerste  pavement  for  100  miles  and  then 
repeated  the  wear  test,  using  as  a  pair  of  boot3  the  previously  developed 
1101  ?■  eight  foot  proi-type  and  the  experimental  left  boot  with  the  new  out- 
scls,  The  whole  pc c of. dure  was  repeated  for  tha  second  hundred  miles.  At  t;  e 
'."•;,.p.l-<t;.on  of  tbs  200  mile  wear  test,  the  boots  wsre  inspected  vi shaily  fv 
tha  effects  f  wear  as  shown  in  Figure  1  and  the  per* ant  rf  wear  vie  deter- 


TT.'.-^d  ?. 

f  S'.  ’.*• : 
e.;?  '■■ 

**  H'' 


::  Tavl*  1 . 

r-.-  5xpe::tae..'.tal  Icghr  adored  Vot  (left.;  was  produced  on  tbs  same 
■■*  —mr-d  irulds  that*  wens  used  to  produce  th.~  p- *vi  vus  prototype  (IC.-3J2 
~r.;-.  th-c  vub5>le  was  cash  using  tv.<‘  new  nitrogen  expanded  -snp-ound . 


Figures  1A  and  IB  show  the  effects  of  200  miles  wear  on  the  back  of  the 
heels  and  on  the  outsole  of  thu  standard  cold-wet  insulated  boots.  Figures 
1C  and  ID  show  that  the  black  IC-312  boot  with  the  methylene  chloride  ex¬ 
panded  outsole  exhibits  better  wear  characteristics  at  both  the  heel  and 
sole  areas  than  the  light  colored  nitrogen  expanded  new  outsole.  However, 
both  lightweight  outsoles  exhibit  better  wear  characteristics  than  the  out¬ 
sole  on  the  standard  cold-wet  insulated  boot.  Based  upon  the  results  of 
the  wear  test,  it  is  anticipated  that  the  newly  developed  nitrogen  expanded 
low  modulus,  more  resilient  outsole  should  provide  adequate  wear  characteris¬ 
tics  at  the  required  service  temperatures,  and  should  increase  traction  over 
that  of  the  methylene  chloride  outsole,  but  with  some  reduction  in  abrasion 
resistance. 

Wear  tests  were  conducted  on  the  outsoles  because  there  are  no  standard 
laboratory  abrasion  test  methods  that  will  provide  an  indication  of  the 
wearing  qualities  of  an  expanded  compound  in  actual  use.  Wear  tests  will 
continue  to  be  required  until  some  type  of  comparative  abrasion  test  can 
be  developed  for  cellular  footwear.  It  should  be  noted  that  any  time  the 
standard  (cold-wet)  insulated  boot  is  used  as  a  control  or  physical  data 
is  obtained  on  the  standard  boot,  this  data  is  being  used  only  as  a  guide 
in  the  development  of  the  new  lightweight  insulated  footwear. 


TABLE  I 

200  MILE  WEAR  TEST 


Percent  Wear* 


Standard  Boots 

Light we ight 

Boots 

Experimental 

IC-312. 

Area 

Left 

R  ight 

Left 

Right 

Ball 

15 

15 

25 

10 

heel 

30 

30 

20 

7 

Outer  Edge  of  Heel 

60 

60 

25 

10 

*Bmed  on  measurements  of 

heel  and 

of  cleat  height  in  the  ball 

of  the-  foot 

area,  before  and  after  wear. 
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b.  Design  Consideration 


SLnce  the  newly  developed  formulations  for  use  as  upper  Insulation 
and  outer  akin  compounds  would  have  some  elastic  stretch,  it  was  planned  to 
design  a  last  and  mold  that  would  provide  a  fairly  tight  fit  in  the  boot 
opening  above  the  ankle  are a;  the  object  being  to  reduce  to  a  minimum  any 
possible  slippage  that  may  ocour  at  the  heel  while  walking,  without  signifi¬ 
cantly  affecting  don  and  doff  capabilities  of  a  boot  produced  in  a  pull-on 
type  construction.  The  thicknesses  necessary  to  provide  the  required  insula¬ 
tion  in  the  various  critical  areas  of  the  boot  had  to  be  determined.  In 
addition,  the  optimum  traction  that  would  be  obtained  in  the  outsole  had  to 
be  achieved. 

(1 )  Closure  Design  Study 

Prior  to  continuing  the  design  studies  related  to  a  pull-on  type  con¬ 
struction,  a  review  of  closure  design  studies  was  conducted.  During  the  engineer¬ 
ing  design  phase  of  the  lightweight  footwear  previously  completed,  prototypes 
were  constructed  by  conventional  methods  in  order  to  evaluate  various  types  of 
closures  along  with  the  basic  pull-on  type  concept.  The  closure  design  studies 
were  necessarily  guided  by  the  major  objectives  of  lightweight,  low  water  absorp¬ 
tion,  and  adequate  thermal  insulation. 

Slide  fastener  closures  on  the  back  and  side  of  the  boot,  snap  steel 
closures  and  an  adjustable  buckle  and  strap  attached  to  the  top  portion  of  the 
boot  were  evaluated.  The  closures  were  designed  in  an  attempt  to  anchor  the 
boot  firmly  enough  to  the  foot  so  that  all  possibilities  of  slippage  and  shuck¬ 
ing  at  the  heel  would  be  eliminated  for  foot  comfort  while  walking,  and  to 
provide  ample  room  in  the  leg-ankle  area  for  ease  of  donning  and  doffing. 

Figure  2  shows  a  conventionally  hand-assembled  boot  insulated  with  poly 
urethane  foam,  with  a  fold-over  snap-steel  type  closure  fabricated  on  the  side 
of  the  boot.  The  steal  closure  was  equipped  with  a  swivel  on  the  bottom  which 
allowed  the  closure  to  open  while  donning  the  boot  and  to  then  snap  close  by 
itself. 


The  fold-over  area  required  to  fora  the  pocket  of  the  snap-steel  closur- 
was  insul:  ted.  The  concept  was  that  the  snap-steel  closure  would  be  kept  clojec. 
through  the  action  of  the  trouser  leg  drawstring  when  the  trouser  legs  were 
pulled  down  over  the  boot. 

Zipper  closures  in  various  areas  of  the  boot  such  as  the  back  or  over 
the  ankle  were  considered.  Figure  3  shows  a  prototype  boot  constructed  by 
conventional  methods  with  a  zipper  closure.  The  boot  materials  were  not  flex¬ 
ible  enough  to  allow  adequate  take-up  when  the  zipper  was  pulled  closed.  Com¬ 
plex  fabrication  techniques  were  required  to  insure  reliability  of  insulation 
properties . 
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Although  t'?.e  ins-ilatien  values  obtained  with  this  footwear  war?  ade-jpate, 
the  additional  weight  required  to  produce  a  reliable  insulated  closure  >*as 
considered  excessive ,  and  boots  produced  with  closures  of  this  type  would 
require  complex  fabrication  techniques.  Therefore ,  it  was  determined  to 
regain  with  the  'basic  pull-on  type  construction  without  built-in  closures, 

(2)  Determination  of  Insulation  Thickness 


The  insulation  provided  by  the  standard  cold-wet  insulated  boot  In  the 
critical  areas  of  the  tea  and  heel  may  be  considered  marginal,  and  the  minimum 
that  can  be  tolerated,  therefore,  the  new  prototypes  to  be  developed  vJll  bo 
designed  to  provide  an  increase  in  insulation  over  that  of  the  current  .standard 
boot.  This  additional  insulation  may  also  be  rsq'iired  to  compensate  for  any 
wear  and  compression  set  that  may  take  place  at  the  flex  points  of  ary  new  pro¬ 
totypes  produced. 

In  order  to  provide  guide-lines  in  determining  proper  insulation  thick¬ 
nesses,  sectional  insulating  values  were  measured  on  the  eepper  foot  calorimeter 
(7)  fer  the  standard  boot,  and  for  the  previously  wear  tested  boot  IC-3'i2,  when 
new  and  after  the  first  100  miles  wear  test.  Based  upon  the  data  obtained,  a 
rigid  polyurethane  mold  was  fabricated.  This  mold  was  used  to  construct  a  crude 
prototype  boot  (23M)  with  overall  increased  insulation  thicknesses.  Significant 
increases  in  thickness  were  made  in  the  toe,  ankle  and  heel  area.  The  outsole 
of  this  crude  prototype  was  makeshift  and  applied  to  the  upper  by  hand  in  order 
to  have  a  complete  boot  for  obtaining  sectional  insulating  values  on  the  copper 
foot  calorimeter.  Although  the  crude  prototype  was  not  representative  of  the 
final  formulations  and  the  processing  techniques  used,  it  was  produced  to  pro¬ 
vide  some  coiqparison  of  the  sectional  insulating  values  obtained  to  other  boots 
whose  insulation  thicknesses  and  overall  insulation  values  were  known  (such  as 
boot  IC-312)  prior  to  constructing  an  aluminum  mold.  Table  II  presents  the 
sectional  copper  foot  data  on  all  three  boots  and  the  sectional  thicknesses  on 
boot  IC-312  and  XP-1 .  The  shape  and  location  of  the  test  zones  on  the  woct.icnal 
foot  calorimeter  are  shown  in  Figure  U. 

Further  evaluation  of  the  data  presented  in  Table  II  indicated  that  the 
ankle,  foresole  and  sole  sections  (6-l8^  11-23,  12-21;)  of  Boot  IC-312  were  sig¬ 
nificantly  lower  than  the  standard  boot  and  that  an  increase  in  insulation  thick¬ 
ness  was  required.  After  100  miles  of  wear.  Boot  IC-312  showed  a  change  in 
insulating  values  in  the  three  sections  marked  with  an  asterisk  (the  tongue  and 
inner  and  outer  instep).  The  values  differ  by  more  than  10  percent  from  the 
original.  A  ten  percent  change  in  insulating  properties  as  determined  by  the 
copper  foot  evaluation  n-y  bo  considered  significant.  The  tongue  area  (section 
7-19)  showed  a  loss  in  insulating  values  while  the  inner  and  outer  instep  (sec¬ 
tions  3-20,  ?-2l )  exhibited  an  increase  in  insulating  values. 

A  visual  inspection  of  the  tongue  area  (section  7-1?)  of  ths  wear  tested 
bxb  showed  that  thi3  area  exhibited  parallel  radiating  lines  along  the  flex  areas 
ar.v:  a  slight  compression  set  which  may  account  for  the  loss  in  insulation.  Although 
this  loss  in  insulation  may  be  considered  significant,  it  is  not  considered  critical 
ainco  the  insulation  value  remains  higher  than  was  obtained  on  the  standard  Wi-os. 
beet.  However,  it  doe 3  indicate  that,  during  the  life  of  this  type  of  insulated 
footwear,  compression  set  may  become  a  factor. 
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'ECTIONAL  COPPER  FOOT  CALORIMETER  LATA 


w 


I 


s 

Pt 

H 

£ 

& 

o 

in 

o 

in 

8 

t- 

00 

tv 

CM 

o  -* 

• 

« 

• 

• 

• 

. 

• 

• 

0 

• 

OJ 

H 

CM 

CJ 

OJ 

CM 

on 

on 

CM 

H 

CM 

0) 

o , 

—  £ 

w 

N  P 

o  O 

d 

r-i  P 

si 

l  o  o 

Pi  CM  a 

<D 

W) 

in 

Q 

o 

o 

Q 

o 

o 

O 

O 

O 

P 

CVJ 

o 

o 

o 

O 

CON 

in 

O 

O 

O 

cti 

H 

in 

ITN 

in 

O 

C- 

t- 

O 

m 

in 

O 

H 

rH 

8  * 

w  Oj 

CM  H  ^ 

&  a* 

ON 

00 

ON 

o 

pH 

* 

H 

* 

ITN 

* 

ON 

* 

rH 

1  a)  (/> 

O  00 

in 

NO 

ON 

00 

CO 

-3- 

CM 

On 

CM 

O  P  d) 

r-i  • 

« 

• 

• 

• 

• 

. 

• 

. 

• 

« 

H  <H  H 

O  H 

H 

rH 

H 

H 

p-i 

CM 

CM 

H 

H 

OJ 

S 

•  ON 

OJ 

o 

-a 

00 

c\ 

r- 

8 

m 

cn 

!>- 

o<o 

NO 

NO 

00 

o 

CM 

o 

00 

CVJ 

H  • 

• 

• 

• 

• 

. 

. 

• 

. 

« 

• 

O  H 

H 

H 

H 

H 

CM 

CM 

CM 

CM 

H 

CNJ 

HI 

w 

CM  N 

pj 

£  ° 

d 

1  CM  S 

i 

<D 

O 

Q 

O 

Q 

Q 

O 

O 

o 

o 

O  •  d) 

O 

in 

O 

in 

O 

O 

O 

o 

o 

o 

H  CO  Eh 

H 

CVJ 

on 

H 

NO 

on 

on 

n 

in 

in 

cd 

o 

P 

o 

mj  om) 

^  m  vo 
cd  i 

TJ  P  NO  H) 

a  a)  n 

S  M  O 

*  CO 

o  c- 

CVJ 

-& 

in 

& 

H 

O 

00) 

NO 

NO 

on 

o 

tn- 

t- 

-p- 

m 

p  i  in 

M  « 

• 

• 

• 

* 

. 

. 

• 

• 

• 

• 

CO  'O  1  Pt 
_j  rg  h 

O  H 

H 

H 

H 

OJ 

H 

CM 

CVJ 

H 

OJ 

CVJ 

'd  S'* 

o 

a 

p 

* 

a> 

<D 

a 

-P 

Pi 

a 

P 

•H 

O 

0) 

O 

M 

Pi 

H 

Eh 

<D 

cti 

O 

<D 

H 

d> 

Pi 

Pi 

o 

w 

0? 

H 

<D 

5 

d> 

0) 

<D 

0) 

d 

•H 

dJ 

rH 

& 

P 

-P 

0) 

P 

H 

c 

M 

.P 

a 

W  ■  * 

W 

o 

O 

O 

P  O 

H 

P 

O 

o 

G 

o 

a 

P 

Eh 

fa 

00 

O  »H 

H 

-3 

«J 

St 

H 

H 

H 

O  -P 

cd 

CNJ 

cn 

O 

a 

in 

NO 

C-- 

00 

ON 

o 

rH 

CVj 

c \ J 

i 

CvJ 

0) 

V 

H 

H 

H 

H 

H 

CM 

CVJ 

1 

to 

£ 

00 

i 

l 

l 

i 

1 

o 

H 

CVj 

o 

-4" 

in 

NO 

n- 

cc 

ON 

rH 

H 

rH 

11 


:  The  amount  of  insulation  necessary  to  maintain  in  comfort  a  sitting,  resting  subject  in  a  nor¬ 

mally  ventilated  room  (air  movement  20  ft/min)  at  a  temperature  of  70°F  and  a  humidity  of  air  which 
is  less  than  50  percent.  A  difference  of  0.1  Clo  is  considered  significant. 


A  visual  inspection  of  the  Inner  and  outer  instep  (sections  8-20,  9-21 ) 
located  immediately  below  the  tongue  area  Indicated  that  a  slight  delfuai na¬ 
tion  of  the  skin  from  the  insulating  foam  had  taken  place,  possibly  resulting 
in  some  trapped  air  between  the  skin  and  the  insulating  material,  which  may 
possibly  account  for  the  insulation  gain  in  these  sections. 

The  copper  foot  calorimeter  data  obtained  on  boot  IP-1  is  significantly 
superior  to  both  the  standard  cold-wet  boot  and  to  Boot  IC-J12  except  in  the 
sole  and  foresole  areas.  As  previously  discussed,  there  was  no  effort  made 
to  increase  outsole  insulation  in  the  experimental  boot  (XP-1 )  and  a  make¬ 
shift  outsole  was  applied  in  order  to  have  a  complete  boot  for  test.  The 
primary  purpose  was  to  determine  the  clo  values  in  the  critical  areas  in  tb: 
upper  sections  of  the  boot.  The  insulation  values  for  sections  (8-2C,‘>L'i) 
match  the  highest  values  for  the  sections  ever  recorded  on  the  sectional  foot 
calorimeter . 

Based  upon  the  increase  in  thickness  that  was  required  to  achieve  the 
superior  insulation  properties,  certain  critical  factors  have  to  be  taken 
into  consideration:  the  effect  of  increased  thickness  of  insulation  on 
(l)  low  temperature  flexibility j  (2)  compression  set;  and  (3)  flex  character¬ 
istics  when  related  to  flex  cracking  in  the  upper  section  specifically  aero 
the  toe,  above  the  heel  in  the  back  of  the  boot,  and  in  the  ankle  area.  Tak¬ 
ing  into  consideration  these  critical  factors,  it  was  determined  that  in  order 
to  meet  all  of  the  objectives  of  the  finished  hoot.,  the  insulation  thickness 
must  be  reduced  over  that  of  the  thicknesses  encountered  in  the  crude  experi¬ 
mental  boot  (XP-1 ) .  It  was  believed  thd  some  reduction  in  insulation  thick  - 
ness  would  not  substantially  affect  overall  insulation  properties  and  that 
adequate  insulation  would  be  retained. 

Analysis  of  the  insulation  thicknesses  in  relation  to  clo  values  obtained 
in  Table  II  on  the  three  boots,  led  to  the  selection  of  the  proposed  thick¬ 
nesses  shown  in  Figure  5  lor  the  various  areas  of  the  boot.  These  selected 
thicknesses  were  to  be  used  in  producing  the  first  prototype. 

(3)  Outsole  Traction 


In  an  effort  to  increase  traction  characteristics  of  the  newly  devt 
oped  low  modulus  nitrogen  expanded  outsole,  development  and  review  of  variv: 
traction  patterns  were  undertaken.  Indications  were  that  a  Lug  type  t radio 
pattern.  Figure  5>,  had  the  potential  of  increasing  the  overall  traction  of  t 
outsole  over  that  of  the  chevron  design  previously  used.  However,  it  was  not 
known  what  effect  on  wear,  if  any,  would  take  place,  since  at  this  time  ther* 
was  no  way  to  detewdne  the  wear  characteristics  of  this  Lug  traction  pattern 
with  the  specific  outsole  material. 

(U)  Fit  Studies 


Jit  studies  using  the  crude  experimental  prototype  (XP-1 )  indicated 
that  the  new  ankle  design  was  too  tight  and  would  have  to  be  modi  fled  prior 
to  producing  the  aluminum  molds.  However,  the  fit  in  the  toe  area  and  acres-; 
the  ball  of  the  foot  was  considered  good. 
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INSULATION  THICKNESS 

(no  skin) 


Dine  muons  m 


FIGURE  5  -  IIJSULAIaON  THICKNESS  (NO  SKIN) 


(5)  Fabrication  of  Molds 


A  pair  of  size  10R  lasts  and  .molds  \;ere  constructed  from  cast  aluminum 
embodying  all  of  the  design  considerations,  including  pull-on  type  construction.: 
increased  insulation  as  shown  in  Figure  5,  with  the  Lug  type  pattern  in  the 
outsole  for  increased  traction  (Figure  6)  and  a  modified  ankle  design  to  keep 
slippage  at  the  minimum.  The  mold  sections  were  coated  with  teflon  to  elimios'vo 
the  use  of  release  agents  prior  to  each  injection  of  compound  into  the  mold. 

(6)  Fabrication  and  Evaluation  of  Prototype  Footwear 

The  first  pair  of  prototype  footwear  in  size  1QR  (designated  3001 A  &  A1  ’ 
weighing  approximately  20  ounces  per  boot  was  produced  by  the  integral  car/s  .\ 
technique  embodying  all  of  the  optimum  characteristics  developed  under  the  com¬ 
pleted  materials  and  design  studies .  Hie  pull-on  style  boot  produced  was  approx- 
mately  10.75  inches  high  and  the  insulation  thicknesses  are  as  shown  in  Figure  3 . 
The  inner  lining  or  sock-lining  of  the  footwear  was  a  0.010  inch  thick  film  of 
polyurethane  for  providing  the  required  slip  for  donning  and  doffing.  To  pro¬ 
vide  a  durable  abrasion-resistant  exterior  the  footwear  had  a  sprayed-on  black 
outside  solid  skin  (average  thickness  0.020  inches)  of  polyether -type  polyure¬ 
thane. 


The  external  dimensions  of  this  boot  in  size  10  were  determined  and 
compared  to  the  standard  (black)  size  10  Cold-Wet  Insulated  Boot.  The  results 
(Table  Hi)  indicated  that  the  difference  in  dimensions  between  the  two  boots 
was  minimal. 


TABLE  m 

External  Dimensions  of  the  Standard  Cold-Wet  Insulated  Boot  and  Prototype  Boot 

R-3001 -A1 . 

Std  Cold-Wet  Proto  R-3001 -A1 


(inches ) 

(inches ) 

Bottom  Width 
(Across  Ball) 

U-5/8 

U-i/U 

Upper  Width 
(Ball  Area) 

U-7/8 

5-1/16 

Ball  Girth 

15 

1 U-7/8 

Height  at  ball 

3-5/8 

3-3/16 

Length  Over? 11 

12-7/8 

12-11/16 

Upper  Width 
(at  heel  breast) 

U-1/16 

3-1 5/5  6 

r* 

1  k) 


Figure  7  presents  a  side  view  of  this  prototype  boot  (R-jOOlAl)  and  Figure 
8  shows  the  outsole  design.  Copper  foot  studies  (Table  IV)  indicated  that 
when  new,  the  insulation  characteristics,  when  compared  to  the  standard 
insulated  boot,  were  more  than  adequate.  The  clo  value  in  the  critical  area, 
of  the  heel,  toe-cap  and  tongue  of  the  prototype  boot  significantly  exceeds 
the  clo  value  of  the  standard  boot.  The  prototype  boots  exhibit  a  lower  clo 
value  than  the  standard  boot  in  the  foresole  and  sole  areas  (sections  11-23, 
12-24).  Since  there  is  no  available  data  that  indicates  that  the  lower  clo 
value  in  the  outsole  is  critical,  it  was  determined  to  accept  these  insulation 
values  as  adequate.  (Most  complaints  of  ccld  feet  have  been  recorded  as  beinr. 
in  the  toe  and  heel  area. ) 


TABLE  IV 

COPPER  FOOT  CALORIMETER  DATA 


Foot  Boot  Cold-Wet  Boot-R-3001-Al 

Sections  44  oz  KR.JS-6-66  20  oz, 


Clo 

Clo 

overall  values 

1.76 

1.99 

3-15  Ankle  top 

1.58 

1.45 

4-16  Achilles 

1.70 

1.69 

5-17  Heel 

1.74 

2.22 

6-18  Ankle 

2.19 

2.01 

7-19  Tongue 

1.46 

1.91 

8-20  Instep  (inner) 

2.41 

2.34 

9-21  Instep  (outer) 

2.22 

2.57 

10-22  Toecap 

1.86 

2.28 

11-23  Foresole 

2.58 

2.13 

12-24  Sole 

2.86 

2.39 

Based  upon  these  result  i, 
for  further  evaluation  prior  to 
limited  evaluation  indicated: 

six  additional  pairs  of  boots  were  produced 
continuing  the  work.  The  results  of  this 

a.  After  several 

hour 8  of 

wear,  doffing  of  boots 

17 

became  difficult 

because  the  polyurethane  spray-.flli«  sock-lining  :-.pp. 
adequate  slip  characteristics. 


'T. 


o rv 


b.  Wear  tast  data  indicated  that  an  adjustment  in  iho 
r.i  qv.e  used  to  produce  the  cubs  ole  was  required  in  order  to 
characteristics . 


pyre e  td  - 

incre'-  je  ruv.hLli  ;;y 


o.  The  puncture  resistance  of  the  outer  skin  required  improvement  by 
increasing  thickness  and  by  adjustment  of  the  compound  application  and 
processing. 


d.  An  increase  in  the  dimensions  of  the  outsole  and  hoel  was  required 
to  improve  durability  and  to  provide  better  balance  to  the  boot  during  walking . 


e.  It  wa3  also  determined  that  a  square  outsole  in  tine  too  area  would 
facilitate  mountain  climbing  when  necessary. 


f.  Insulntive  properties  are  equal  to  or  better  than  the  standard  insu¬ 
lated  boot  and  show  no  change  in  insulation  characteristics  after  20C  miles 
of  wear  as  shown  in  Table  V. 


Concurrently  with,  the  evaluation  of  the  six  pair  discussed  above,  the 
R-3C01-A1  prototype  was  wear  tested.  The  overall  clo  value  (1.99)  of  this 
prototype  when  new  and  after  200  mile3  wear  shows  no  change,  and  may  be 
considered  superior  to  the  overall  clo  value  (1 .76)  of  the  standard  insu¬ 
lated  boot. 


The  measured  values  indicating  minor  increases  and  decreases  of  insu¬ 
lation  in  some  areas  of  the  prototype  boot  after  wear,  are  no  more  than 
would  be  anticipated  tc  occur  in  the  standard  insulated  boot  after  wear. 

Although  200  miles  of  wear  distance  (l80  miles  macadam,  20  idles  con¬ 
crete)  may  not  be  considered  significant,  it  does  indicate  that  there  may 
not  bo  any  breakdown  in  cell  structure  of  the  expanded  materials  in  the 
uppor  section  of  the  boot  as  a  result  of  any  compression  set  that  may  ir;vo 
taken  place  during  wear  and,  therefore,  the  life  expectancy  of  the  inrula- 
lior.  and  material  characteristics  may  be  considered  satisfactory. 

A  visual  examination  of  the  wear  tested  prototype,  R-3001A-A1, (Figure  9)  after 
IOC  idles  shoved  that  (l)  the  outer ::kin  had  split  near  the  arch  ox  me 
right  boot ,  (2 )  although  the  overall  outsole  and  heel  wear  was  considered 
to  he  good,  some  chunking  out  cf  the  cleats  of  the  right  boot  outcolo  h.  d 
taker,  place.  The  possible  cause  of  those  deficiencies  in  the  durability 
of  the  ouisrskin  and  outsole  nay  be  attributed  to  improper  processing 
bv.-hrdqp.es  during  fabrication  of  the  prototype  footwear.  After  the  second 
hundred  idles  the  left  boot  exhibited  a  one-inch  break  across  the  instep 
and  the  outed  e  shove J  rone  wear  at  the  outside  odge  of  the  heel  and  at 
!.!w  111  the  foot.  In  audition,  one  cleat  in  the  heel  showed  some 
duv  j'l The  rifjht  bout  exhibited  an.  additional  break  in  the  outer. sk' r; 
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TABLE  V 


Sections 

Overall  Values 

3- 15  Ankle  top 

4- l6  Achilles 

5- 17  Heel 

6- 18  Ankle 

7- 19  Tongue 

8- 20  Instep  (inner) 

9- 21  Instep  (outer) 

10- 22  Toecap 

11- 23  Foresole 

12- 24  Sole 


COPPER  FOOT'  CALORIMETER  DATA 
WEAR  TESTED  PROTOTYPE 


R3001-A1-20  Ounce 


Initial 

Clo 

100  Miles 

Clo 

200  Miles 
Clo 

1.99 

1.99 

1.99 

1.45 

1.51 

1.42 

1.69 

1.67 

1.58 

2.22 

2.28 

2.28 

2.01 

2.05 

2.00 

1.91 

1.83 

1.87 

2.34 

2.26 

2.42 

2.57 

2.6l 

2.74 

2.28 

2.12 

2.14 

2.13 

2.11 

2.12 

2.39 

2.42 

2.49 

21 
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aad  additional  ohunklng  out  of  oleats.  There  was  significantly  less  war 
noted  on  the  left  boot  outsole  as  ahovn  in  Figure  9  (200  mile  wear  test) 
which  substantiates  that  mixing  techniques  must  be  improved  and  that  proc¬ 
essing  adjustments  are  required  for  both  the  outerskin  and  outsole  f emu¬ 
lations  to  achieve  uniformity  of  wear  characteristics  and  physical  proper¬ 
ties.  However.,  the  overall  integrity  of  the  prototype  boots  was  maintained 
and  there  wa3  no  change  in  the  overall  insulation  values  as  shown  in  Table  V. 

5  •  Materials  and  Design  Studies  Continued 

Based  upon  the  results  of  the  limited  evaluation  of  the  prototype 
series)  footwear,  extensive  materials  design  (includes  last  and  mold)  and 
processing  studies  were  conducted  (°)  and  additional  prototype  footwear  all 
in  size  1 0R  was  produced.  Four  prototypes  were  selected  for  evaluation  and 
are  compared  to  the  initial  prototype  R-3001  in  overall  weight  and  modifica¬ 
tions  in  Table  VI. 


TABLE  VI 

PROTOTYPE  BOOTS  SELECTED  FOR  EVALUATION 


PROTOTYPE  (R-3001) 

Narrow  outsole,  Urethane  Sock,  No  counter 
NEW  PROTOTYPES 


R-3002  -  Vfl.de  Outsole, 
R-3005  -  Wide  Outsold, 
R-3003  -  Vfi.de  Outsole, 
R-3OOI4.  -  Vfl.de  Outsole, 


Uretherw  Sock,  No  Counter 
Urethane  Sock,  with  Counter 
Nylon  Sock,  No  Counter 
Nylon  Sock,  with  Counter 


Ounces  per  Boot 


Min 

Max 

19 

2b 

21 

26 

22 

27 

23 

28 

2b 

29 

The  outsoles  of  all  four  new  pr  Dtotypes  presented  in  Table  VI  were  cast 
in  a  newly  designed  outsole  mold  section,  which  results  in  a  wider  outsole 
and  heel  with  the  heel  pushed  back  iio  that  when  the  upper  section  of  the 
toot  was  cast,  the  edge  of  the  heel  was  almost  in  line  with  the  upper  and 
the  t-cc  end  of  the  outsole  was  square  rather  than  round,  as  shown  in  Figure  if 

Figure  11  presents  Prototype  R-3001  with  the  narrow  outsole  and  the  over¬ 
hang  or  the  upper  insulation  which  is  around  the  outer  edge  of  the  outsole, 
the  side,  and  over  the  toe  area. 

Figure  12  compares  the  wide  heel  of  Prototype  R-3003  to  the  narrow  heel 
of  Prototype  R-3001 • 
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FIGURE  10  -  PROTOTYPE  R-3003  -  WIDE  OUTSOLE 


FIGURE  12  -  WIDE  HEEL  OF  PROTOTYPE  R-3003  (LEFT)  COMPARED  TO  NARROW  HEEL  OF  PROT 


Figure  13  shows  the  square  toe  and  siue  outsole  of  prototype  R-JGOj  cor1, 
tc  the  round  toe  and  overhang  of  upper  insulation  over  the  outer  edge 
of  the  outsole  prototype  R-3001. 

A  comparison  of  prototype  R-3001  and  R-3002  in  Table  VI  shows 
that  the  wider  out3ole,  heel  and  square  toe  results  in  an  increase  of  2 
ounces  in  the  overall  weight  of  the  outsole.  However,  this  change  rasul.-s 
in  a  more  balanced  boot  with  increased  durability  and  functions  iity.  in 
addition,  the  processing  technique  for  the  outsole  was  modified  in  an  sfi  r1 
to  increase  wear  characteristics. 

Table  VI  also  shows  that  two  prototypes  R-3005  and  R-3004  were  pr . 
duced  with  expanded  heel  counters  integrally  cast  with  the  outsole.  The 
density  of  the  heel  counters  is  approximately  28  lbs  per  ft.-*.  The  counter 
was  added  to  render  additional  support  to  the  heel  of  the  foot  and  to  stabilize 
the  foot  so  that  it  would  not  shift  off  the  edge  of  the  outsole.  The  ex¬ 
panded  heel  counter  appears  to  provide  slightly  better  heel  suiport  and 
stability  to  the  foot)  however,  this  slight  improvement  in  support  at  this 
time  in  the  development  cycle  did  not  justify  the  increase  of  one  ounce  i;: 
weight  per  boot  and  this  apprpach  was  not  given  further  consideration. 

However,  it  does  indicate  that  the  flexibility  is  present  fc-  making 
significant  compound,  processing  and  design  changes  if  required  to  improve 
the  overall  characteristics  of  the  footwear. 

The  substitution  of  a  nylon  socklining  in  prototype  R-300?  for  the 
sprayed  polyurethane  film  socklining  in  prototype  R-3002  results  in  an 
increase  in  weight  of  about  2  ounces  per  boot.  The  nylon  socklining  was 
used  to  improve  the  slip  equalities  of  the  socklining  and  improve  ease  of 
don  and  dqff  over  that  of  the  sprayed  polyester  polyurethane  film  socklining. 
The  nylon  socklining  consists  of  a  nylon  fabric  laminated  to  a  cotton 
fabric  with  a  natural  rubber  interface  which  is  vulcanized  after  lamination 
but  before  the  material  was  stitched  into  a  sock.  The  1007.  nylon  tricot 
fabric  weighs  2.7  ounces  per  square  yard  and  is  used  against  the  foot. 

The  fabric  used  against  the  polyurethane  foam  is  a  3  ounce  ribbed  net  cotton. 
The  nylon  against  the  foot  provides  good  slip  qualities  but  has  poor  adhesion 
characteristics  to  the  polyurethane;  therefore,  the  cotton  fabric  is  require, 
to  obtain  good  adhesion  to  the  polyurethane  foamed  upper,  ihe  vulcanized 
natural  rubber  gum  coat  (0.006  inch  thick)  between  the  two  fabrics  prevents 
the  liquid  polyurethane  from  coming  through  to  the  nylon  when  the  boot  is 
being  fabricated  and  thereby  nullifies  the  good  slip  properties  of  the 
nylon  sock. 

During  the  processing  studies  it  wa?  determined  that  the  nylon  sock 
acts  as  an  insulator,  and  prevents  the  l.eat  transfer  from  the  last  to  the 
compound  from  being  as  efficient  as  the  heat  transfer  frorn  the  mold  to  the 
compound.  Therefore,  the  overall  expansion  of  the  compound  is  decreased 
and  results  in  a  olightly  higher  uensity  bc-'t.  This  higher  density  results 
in  a  1  or  2  ounce  additional  increase  In  tht-  weight  of  each  boot. 


?? 


To  ocnponeatt  for  th§  insulating  tffaot  o&uotd  by  tha  nylon  aook  daring 
prooaaaing,  tha  mold  and  last  tamparatura  mi  inoraaaad  from  230°  to  2$0°f. 
Slroa  tha  mold  and  l&at  muat  ba  haatad  togathar,  tha  addad  haat  trananlttad 
by  tha  mold  rasulti  In  ovar-axpanilon  and  tha  raaulting  oompound  was  soft 
and  laokad  durability.  On  tha  othar  hand,  if  tha  mold  la  not  heated  to 
higher  temperatures,  but  rather  more  bloving  agent  is  added  to  the  compound, 
the  expansion  of  the  compound  is  more  violent  and  the  foam  contains  many  cells: 
which  have  ruptured,  thereby  producing  an  open  cell  structure.  These  results 
indicated  that  the  balance  between  temperature  and  blowing  agent  is  critical 
and  in  order  to  maintain  optimum  compound  properties  and  an  adequate  uniform 
cell  structure,  a  slight  increase  in  density  and  weight  over  that  previous! 
obtained  had  to  be  accepted.  The  increased  firmness  of  the  insulation  cause  : 
by  the  increase  in  density  of  the  foam,  in  combination  with  the  nylon  sock¬ 
lining,  resulted  in  a  slightly  tighter  fit  which  had  good  heel  support  and 
resulted  in  some  reduction  in  slippage  at  the  heel.  The  nylon  socklining 
increased  the  ease  of  don  and  doff. 

The  five  ounce  spread  in  weight  between  the  minimum  and  maximum  weight 
of  each  boot  of  the  same  prototype  shown  in  Table  VI  should  be  reduced  as 
processing  procedures  are  finalized  and  production  procedures  developed  that 
will  accurately  control  time -temperature  relationships. 

These  prototype  boots  were  evaluated  on  the  seotional  copper  foot  calori¬ 
meter.  Table  VII  presents  the  insulation  values  on  all  of  the  four  new  pro¬ 
totypes  developed  with  the  wide  outsole  and  the  one  with  the  narrow  outsole 
(R3001  A  &  A1 )  and  these  prototype  boots  are  compared  to  both  the  current 
standard  cold-dry  and  cold-wet  boots. 

The  data  on  the  standard  insulated  boots  is  presented  for  comparative 
purposes.  The  standard  insulated  boot  (white)  for  cold-dry  use  conforms  to 
the  requirements  of  Type  II  Class  I  of  Military  Specification  MIL-B-U186, 
Boots,  Insulated,  Cold-Weather,  Rubber  Type,  dated  15  March  1965.  This  boot 
has  been  designed  to  protect  the  feet  in  sub-zero  conditions  and  is  worn 
when  actual  temperatures  of  -20°F  or  belov  may  occur.  The  physical  proper¬ 
ties  and  the  thermal  adequacy  of  the  standard  white  insulated  boot  for  cold- 
dry  use  (service  below  -20°p)  have  been  validated  by  actual  field  experience 
As  previously  stated  the  standard  black  insulated  boots  are  designed  to  pro¬ 
tect  the  feet  from  cold  injury  in  areas  where  the  temperature  does  not  fall 
below  -20°f.  The  new  prototypes  being  developed  are  to  be  equivalent  in 
insulation  values  to  the  standard  black  insulated  boot  for  cold-wet  use. 

A  comparison  of  the  insulation  values  obtained  on  prototypes  R- 3002-2 
and  R-3005-2  (with  polyurethane  socklinings  and  with  and  without  heel 
counters)  to  prototypes  R- 3003-2  and  R-300U-2  (with  nylon  socklining  and 
with  and  without  heel  counter)  shows  that  the  addition  of  a  heel  counter 
does  not  significantly  affect  the  insulation  properties  at  the  heel. 
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A  comparison  of  Prototype  R-3001-A1  (narrow  outsoie)  with  poly¬ 
urethane  aock  to  prototype  R-3002-2  (wide  outaola)  with  polyurethane  sock, 
indicated  that  increasing  the  width  of  the  outsoie  increases  ths  clo 
value  in  the  sole  area.  There  is  also  a  slight  increase  in  insulations  in 
most  of  the  foot  sections*  which  is  reflected  in  a  higher  overall  clo 
value  in  prototype  R-3002-2. 

The  substitution  of  a  nylon  sock  lining  (prototype  R-3003-2)  for 
tha  polyurethane  sock  lining  used  in  prototype  R-3002-2  reduces  the 
insulation  values  in  all  of  the  foot  sections,  resulting  in  a  significant 
overall  reduction  in  clo  value  of  0.30  clo. 

The  lower  insulation  values  obtained  on  prototype  R-3003-2  were 
caused  by  the  higher  densities  achieved  in  both  the  upper  insulation  and 
outsoie  as  a  result  of  having  to  modify  the  processing  technique  in  order 
that  the  boot  be  capable  of  accepting  the  nylon  socklining  without  adverse 
affects  on  other  required  physical  properties.  However,  the  overall  in¬ 
sulation  values  of  prototype  R-3003-2  (with  nylon  socklining)  is  considered 
more  than  adequate  when  compared  to  the  insulation  values  obtained  on  the 
standard  insulated  cold-wet  boot.  Prototype  R-3002-2  (with  polyurethane 
socklining)  exhibits  excellent  insulation  values.  The  overall  clo  value  of 
2.14  exceeds  the  1.94  overall  clo  value  of  the  cold-dry  boot  which  has  been 
designed  to  protect  the  feat  when  actual  temperatures  of  -20°F  or  below 
may  occur.  Because  don  and  doff  characteristics  were  considered  critical 
and  since  the  wide  outsoie  and  heel  should  provide  additional  durability  and 
stability,  prototype  pair  R-3003-2  (with  nylon  sock)  was  selected  as  the  design 
model  for  the  fabrication  of  fifty  pairs  to  be  used  in  a  limited  field 
research  test  and  evaluation  of  physical  properties.  In  addition,  this  produc¬ 
tion  run  would  result  in  the  optimization  of  processing  techniques  and  the 
development  of  production  cycles  and  quality  control  procedures.  The  trade-of" 
of  the  increase  in  weight  and  the  lower  clo  values  obtained  in  prototype 
R-3003-2  versus  the  substantial  increase  in  ease  of  don  and  doff  and  additions 
functional  stability  was  considered  desirable.  It  was  anticipated  that, 
during  the  optimization  of  the  processing  techniques  and  the  establishment 
of  production  cycles,  it  might i he  possible  td  provide  none  increase  ij 
overall  insulation  values  of  prototype  R-3003-2  by  achieving  better  control 
and  uniformity  of  cell  size  during  the  expansion  cycle  of  the  selected 
formulations. 

Table  VIII  presents  the  compound  formulations  used  in  producing  prototyp 
pair  R-3003-1  and  2.  These  same  formulations  were  to  be  used  in  producing 
the  fifty  pair  of  boots  for  evaluation. 

The  nylon/cotton  ftric  laminate  material  used  for  producing  the  sock¬ 
lining  has  been  previously  described.  A  completed  socklining  in  size  10R 
weighs  approximately  2%  ounces  per  socklining. 
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TABLE  VIII 


FORMULATIONS  FOR  PROTOTYPE  R- 3003-1  and  R-3003-2 


Out sole 

PHR 

Vibrathane  B-602 

100 

Santicizer  S-140 

25 

mPDA 

4 

Santicizer  S-160 

4 

SF-1079  Silicone 

2 

Nitrosan 

0.7 

US-15N 

0.7 

3041  Black 

2.1 

Upper 

PHR 

Vibrathane  B-602 

100 

Santicizer  S-140 

25 

mPDA 

4 

Santicizer  S-l60 

4 

SF-1079  Silicone 

2 

Ni  ;rosan 

7 

US-15N 

3 

Outer  Skin 

PHR 

Vibrathane  P-605 

100 

Toluene 

200 

mFDA 

3.8 

THF 

51.2 

Santicizer  S-160 

40 

3041  Black 

5 
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The  insulation  thicknesses  of  prototype  pair  R-3003  without  the  outer 
spray  skin  are  presented  in  Table  IX,  These  dimensions  are  the  same  as 
presented  in  Figure  5. 


Table  IX 

INSULATION  THICKNESS  OF  PROTOTYPE  BOOTS  R-3003 
NO  SKIN 


Upper  Insulation  Thickness* 


Side 

Front 

Back 

Top  Edge 

70 

70 

70 

Ankle 

400 

500 

500 

Hefl 

— 

— 

500 

Instep 

600 

600 

--  * 

Toe 

700 

700 

.... 

Outsole  Thickness*  (Includes  cleats  which  are  250  mils  thick) 

Heel  175.0 

Arch  750  (No  cleats) 

Ball  1000 

*Thickness  in  Mils 

Although  prototype  R-3003  was  selected  for  the  production  of  fifty 
(50)  pair  of  lightweight  insulated  footwear  for  evaluation  of  durability 
in  the  field  and  determination  of  physical  properties, an  additional  two 
(2)  modified  R-3003  prototype  pairs  were  fabricated  in  the  event  that  the 
research  field  tests  to  be  conducted  might  indicate  that  modification 
would  be  required  to  improve  the  functionality,  comfort  and  durability 
of  prototype  R-3003  as  presented. 

The  two  (2)  additional  prototype  pairs  produced  are  identified  and 
described  as  follows: 

Prototype  Pair  R-3007-1,-2 

Prototype  pair  R-3007-1,-2  shown  in  Figure  14  is  identical  to  prototype 
pair  R-3003-1,-2  except  that  a  three  inch  high  nylon  snow  collar  with 
a  draw  lace  at  the  top  was  attached  to  each  boot.  The  snow  collar  was  adHe. 
seal  off  the  top  of  the  boots  if  required  to  reduce  heat  loss  and  pre¬ 
clude  snow  entering  the  boot  through  the  open  top.  The  snow  collar  wab 
fabricated  from  the  same  material  used  to  fabricate  the  socklining. 
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Prototype  ?air  -  K-3008-1,-2  is  idv.ticcj  to  prototype  pc....  .i-OOo-l 
except  that  the  outage  design  was  clanged  iron  the  Lug  typ*  as  shown  ir. 
Figure  6  w  a  newly  developed  design  E  presented  ir.  Fig'; re  15*  The  select! 
of  desiga  E  was  based  upon  the  results  cf  studies  of  various  cutscla  dosig...  , 
In  the  event  that  increased  outsole  wear  characteristics  nay  be  re.tq.\ir«d  it. 
prototype  R-3003,  outsole  design  E  increases  the  wear  surface  dimensions  of 
the  outsole  in  the  area  cf  the  ball  of  the  foot,  that  comes  into  ;cn;aot.  with 
the  ground  ever  that  of  the  Lug  type  design  shown  la  Figure  6.  This  c’acul-.' 
result  in  increased  wear  characteristics  and  Ir.  addition  the  transverse  c f-r,; 
cleats  serve  tc  distribute  the  weight  over  a  larger  area. 


6 .  Mold  Description 


Figures  16  and  17  present  photographs  of  the  actual  last  and  mold  sc.'ti  >ns 
and  show  the  overall  mold  assembly  being  held  togerhe-r  in  a  jig.  The  overall 
mold  for  each  beet  consists  of  five  (5)  pieces  and  a  last.  One  oi  the  pi5occ 
is  a  sole  plate  containing  two  (2)  other  pieces  which  are  side  rings  raid  form 
the  upper  edge  of  the  outsole  when  the  last  is  re  stud  or.  the  rings.  The  1 
is  a  U.3.  MIL-V  Combat  Boot  Last  modified  to  reflect  th*  design  changes  re.  - 
yuirsd  to  provide  good  fit  for  a  boot  cf  pull-on  type  construction  in  size 
IIP..  The  parts  as  numbered  in  the  photograph. s  are  described  as  follows  1 

1 .  Sole  plate 

2.  and  3.  Sole  plate  side  rings 

h.  and  5>.  Upper  mold  sections 

Alter  the  outsole  is  molded,  the  side  rings  are  removed  and  the  two  other 
pieces  (upper  ncl-1  sections)  which  form  the  boot  upper  are  brought  together- 
around  the  last  which  is  still  in  the  same  position  it  was  when  the  outsole 
was  formed. 

The  molds  are  fabricated  from  cast  aluminum  and  have  a  permanent  teflon 
coating  to  insure  ease  of  demolding  completed  footwear. 

Figure  13  is  a  schematic  shewing  sole  molding  and  upper  section  molding 
and  location  of  injection  port.  For  purposes  of  illustration  it  shows  the 
sole  in  place  with  the  sole  plate  dropped.  However,  during  the  actual,  mold 
ing  cycle,  the  sola  plate  remains  In  place  until  the  finished  boot  is  da~ 
molded. 


7  •  Ihf  ndure  for  Producing  R-3003  Prototype  Footwear1 

Ac-.* crate  time  and  temperature  control  of  equipment,  compounds,  and 
pr*Ae ssing  during  the  molding  cycle  is  required  to  achieve  proper  densities 
ar.d  adeq-j&te  physical  -char acterist  ics  • 
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FIGURE  18  -  SCHEMATIC  OF  NOED  SECTIONS 


a.  force  ggir.-i  Bcrsiatsat 

A  Diehl  Hateer,  three  oompcaant,  polyurethane  mixing/me taring  machine, 
used  to  fabricate  prototype  boots  described  in  this  report,  was  also  used  to 
produce  the  fifty  (50)  pairs  of  prototype  R-3003.  This  is  laboratory  equip¬ 
ment  and  can  be  used  only  for  United  production.  The  three  components  which 
are  mixed  and  metered  by  the  machine  are  (1)  prepolyaer,  (2)  curatives  and 
(3)  additives  which  include  blowing  agent  and  colorant. 

The  mold  into  which  the  compound  is  dispensed  has  been  described. 

The  unit  for  spraying  the  alcin  onto  the  boot  is  a  two  component  Sinks 
airless  spray  gun.  The  two  cempooeata  used  in  the  gun  are  prepolymer  and 
curative. 

b.  Production  Cycle 

amorally  the  molding  cycle  for  producing  the  prototype  footwear  is 
as  follows  t 

(1 )  Preparation  of  Equipment 

(a)  Prepolyaer  tank  temperature  set  at  220°?. 

(b)  Curing  agent  tank  temperature  set  at  220°F. 

(c)  Molds  preheated  in  oven  for  a  minimum  of  1  hour  at  150°F. 

(2)  Preparation  of  Compound 

(a)  The  compound  mixtures  are  prepared  and  poured  into  their 
respective  tanks  and  allowed  to  warm  up  for  an  hour. 

(b)  The  equipment  is  calibrated  to  insure  output  of  the  proper 
compound  mole  ratio. 

(e)  Sample  of  compound  is  cheeked  for  expansion  properties  and 
rate  of  cure. 

(3)  Molding  Cycle 

(a)  Prepare  socklining  and  coat  seams  to  prevent  compound 
seepage  through  seam  of  sock.  The  nylon  socklining  is 
placed  on  the  preheated  last  and  secured  to  the  top  of 
the  last  to  pcs  vent  wrinkles  during  the  molding  cycle. 

*•  Seam  Sealant t  Solution  of  60%  THF  and  20%  Istane  5707. 
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(b)  ?h«  last  with  tha  nylon  socklining  is  returned  to  the  oven 
to  re-heat  to  150°F  and  than  removad. 

(c)  The  pre-heatad  (150°F)  outaole  section  of  the  mold  including 
the  side  rings  is  assembled  and  attached  to  the  preheated 
socklined  last. 

(d)  The  last  with  socklining  i6  raised  and  three  hundred  grams  of 
liquid  polyurethane  compound  are  metered  into  the  outsole  mold 
cavity. 

(e)  Close  outsole  mold  by  lowering  last  into  place.  (The  last 
to  act  as  mold  cover.) 

(f)  The  assembly  consisting  of  the  socklined  last  and  the  out-'0.t« 
section  is  placed  in  an  oven  set  at  250°F  for  fifteen  minutes 
to  expand  and  par  w  ..ally  Cure  the  outsole. 

(g)  The  mold  assembly  is  removed  from  the  oven,  and  the  outside 
rings  are  removed  from  the  outsole  mold.  The  preheated  upper 
mold  halves  are  positioned  around  the  outsole  and  socklined 
last  and  attached  to  tha  mold  assembly. 

(h)  Two  hundred  and  fifty  grams  of  liquid  polyurethane  upper 
compound  are  metered  into  the  upper  section  of  the  mold. 

(i)  The  entire  assembly  is  placed  in  an  oven  set  at  250°F  for 
thirty  minutes  to  cure  upper  and  outsole  together. 

(j)  The  mold  is  removed  from  oven,  disassembled  and  the  boot 
stripped  from  last. 

(k)  Flash  is  trimmed  from  the  demolded  boot  and  boot  cut  to  a 
height  of  10%  inches. 

(4)  Application 'of  Outer  Skin 

(a)  A  two  component  spray  solution  is  prepared. 

(b)  The  boot  is  placed  on  a  spraying  last  and  four  separate 
spray  coats  are  applied. 

(c)  After  each  coat  the  boot  is  rotated  until  the  spray  sets  to 
prevent  dripping  and  rippling  of  boot. 

(d)  The  sprayed  boot  is  placed  in  an  oven  set  at  150°F  for  one- 
hour  to  cure  spray  solution. 

(e)  The  completed  boot  is  refinished  by  trimming  overspray  at  top 
of  boot  and  lightly  buffing  outsole  to  remove  overspray  runs 
that  have  developed. 

(5)  A  silicone  spray  IMS, CO  #S512)  coating  is  applied  to  the  outer 

skin  of  the  comr  eted  boots  for  esthetic  purposes  and  to  provide 

a  glossy  finish. 


(6)  Boots  inspected  and  packaged. 


Fifty  (50)  pair#  of  proto typ#  R-3003  boot#  in  size  10R  weighing  between 
23  and  27  ounces  par  boot  vara  produced  by  the  integrally  cast  technique. 

The  three  component  parts  (socklining,  upper,  out sole )  required  to  produce 
prototype  R-3003  prior  to  the  application  of  the  outer  spray  skin  are  shown 
in  Figure  19.  An  actual  completed  prototype  pair  is  shown  in  Figure  10.  The 
fifty  pairs  of  footwear  produced  may  be  described  as  follows : 

BOOT,  LIGHTWBIQHT  INSULATED  (BLACK)  FOR  COID-WET  USE 
(STILE  R-3003) 

The  lightweight  insulated  footwear  is  a  polyurethane  Integrally  cast  boot 
of  pull-on  style  requiring  no  lacing  and  is  approximately  10.75  inches  high. 

The  0.75  inch  thick  outeole  is  produced  in  a  "Lug"  tread  design  from  a  nitrogen 
expanded  polyether  type  polyurethane  liquid  prepolymer  resulting  iu  an  average 
density  of  28  pounds  per  cubic  foot,  five  outsole  thickness  as  measured  in  the 
toe  area  from  the  interior  of  the  'boot  to  the  exterior  edge  of  the  tread  design 
is  1 .0  inches .  The  outeole  thickness  as  measured  in  the  ball  of  the  foot  from 
the  interior  to  the  exterior  edge  of  the  tread  is  0.875  inches.  The  depth  of 
the  outsole  tread  is  0.25  Inches.  The  insulating  materials  as  it  is  expanded 
la  the  upper  part  of  the  boot  is  a  12  pound  per  ?ubic  foot  polyurethane  (approx¬ 
imately  90%  closed  cell).  The  Insulation  thickness  in  the  toe  area  is  0.70 
inches  and  tapers  off  to  0.10  inches  at  the  top  of  the  boot  above  the  ankle. 

The  black  inner  lining  or  socklining  of  the  footwear  is  a  nylon  rubber-cotton 
laminate.  The  natural  rubber  interface  of  the  socklining  is  vulcanised  prior 
to  stitching.  The  cotton  is  tightly  adhered  to  the  insulating  material  iri/L 
Lhe  ... ..  .1  towards  the  foot,  to  help  provide  slip  for  donning  and  doffing. 

To  provide  a  durable  abrasion-resistant  exterior  the  footwear  has  a  sprayed-on 
black  outside  solid  skin  of  polyethrr-type  polyurethane  (average  thickness 
0.020  indies).  In  size  10R  the  boot  weighs  approximately  2U-27  ounces  per  boot. 

8.  Consideration  of  Commercial  Aspects 

The  molding  cycle  developed  and  the  equipment  used  may  be  considered  as 
designed  for  producing  small  quantities  of  boots  In  the  laboratory.  Since  no 
large  quantities  of  boots  were  produced,  no  substantial  consideration  could 
be  given  to  the  development  of  equipment  and  procedures  for  largo  scale  com¬ 
mercial  production  procedures. 

At  this  time  during  the  development  cycle  there  is  no  large  seals  produc¬ 
tion  capability  within  the  industry  to  produce  the  lightweight  insulated  boot 
commercially  in  large  quantities.  However,  based  upon  existing  polyurethane 
equipment  and  technology,  it  is  believed  that  It  is  practical  to  develop  an 
automated  system  for  large  scale  production  of  this  type  of  footwear. 
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FIGURE  19  -  COMPONENT  PARTS  OF  PROTOTYPE  R-3003  WITHOUT  OUTER  SKIN 


A  cousaptual  gulcaatsd  portion  procedure  It  shown  in.  Figure  20. 

ijqlng  the  .'lahcmetiv  diagram  4~*  Figure  20 }  th<-  proposed  automated  produc¬ 
tion  procedure  can  take  ■  *  •■■:  ■  as  follows  s 

a,  The  previously  prepared  rocklining  is  mounted  onto  the  last* 
bo  The  outseie  mold  is  assembled  automatically. 

c.  The  liquid  polyurethane  compound  is  lnject-sd  into  the  outsole  mold 
cavity. 

d.  The-  outeole  is  allowed  to  expand  and  seal -cure  for  five  minutes, 
o.  The  rings  forming  the  top  edge  of  the  outsole  open  automatically. 

f .  The  upper  mo^d  stations  are  assembled  around  the  last  and  top  edge 
of  the  outsole  automatically » 

g.  T-:c  upper  insalation  liquid  polyurethane  compound  is  injected  into 

the  upper  mold  cavity. 

h.  The  upper  is  allowed  to  expand  and  the  oast  boot  is  cured  for  20  minutes. 
i„  The  mold  is  disassembled  automatically  and  the  boot  is  automatically 

stripped  from  the  last. 

1.  The  boot  is  triaaasd  to  the  correct  height  and  the  flash  is  removed. 

k.  The  trimmed  boot  is  mounted  onto  the  spraying  last  and  the  combination 
placed  upon  th?  spraying  conveyor. 

l.  Two  spray  coats  are  applied  automatically  to  the  cast  boot  by  slectro- 
static  airless  equipment. 

m.  The  completed  boot  is  dried  and  finished. 


It  is  recognized  that  this  automated  production  procedure  for  producing 
lightweight  insulated  boots  on  a  large  scale  production  basis  is  conceptual 
and  although  considered  practical  has  not  been  reduced  to  practice.  There 
is  currently  no  available  equipment  to  produce  this  boot  by  the  procedure 
presented  in  Figure  20. 

However there  are  several  major  corporations  in  this  country  that  are 
currently  producing  or  marketing  automated  liquid  polyurethane  injection 
melding  equipment.  The  existing  automated  equipment  is  generally  being  used 
to  directly  mold  low  gravity  expanded  polyurethane  outsoles  from  liquid  com¬ 
pounds  onto  all  types  of  footwear  uppers.  Some  of  the  equipment  appears  to 
have  the  ability  to  produce  a  completely  expanded  boot  for  civilian  use  with 
some  insulating  characteristics.  The  multi-station  automated  equipment 
currently  in  existence  exhibits  anywhere  from  12  to  32  molding  stations  for 
a&ch  complete  automated  mixing  and  metering  unit. 


PROPOSED  AUTOMATED  PROCEDURE 


OUT  SOLE 
HOLD 
AMH&LED 


AUTOMATED / 
SMIX  i  METER/ 


OUTSQIE 

CAlT 


OUTSOLE 

SErtl- 

Cured 


Boor 


FIGURE  20  -  SCHEMATIC  OF  PROPOSED  AUTOMATED  PRODUCTION  PROCEDURE 
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Generally,  the  automated  eqcipoant  available*  at  this  time  can  be  placed 
.into  two  categories s  (1)  the  one  shot  system  -  this  syst era  requires  that  ail 
of  the  ingredients  be  accurately  aetex*#d  into  the  nixing  chamber  ana  rsa-jb 
together  while  being  mixed  to  form  ths  required  polyurethane  ays  tarn.,  This 
technique  precludes  prareactione .  (2)  The  two  or  three  or  nor*  cenqwiteKt  pare- 

polymer  system  «  these  component ;•  ytasiat  of  (a)  prepolymer  j  (b)  curing  *.gent* 
and  (c)  blowing  agent  o  This  system  requires  prersaotions  to  form  the  p^epoly- 
mer  (a)  prior  to  reacting  with  the  other  two  components  (b),  (c)  in  the  mixing 

chamber, 

Ihe  one  shot  syston  is  a  potential  low  cost  operation  since  the  reaction^ 
are  Initiated  with  the  basic  raw  materials  and  no  previous  additional  separate 
steps  are  required  for  prere&etions .  The  equipment  required  is  less  complex, 
because  starting  materials  are  less  viscous  and  therefore  do  not  require 
sophisticated  purapirg  systems  and  equipment  to  heat  flow  lines  in  order  to 
maintain  lew  viscosity  of  the  liquid  ingredients.  Hcv«ver,  precision  metering 
equipment  is  required  in  order  to  react  the  ingredients,  that  have  been  accu¬ 
rately  metered,  with  each  other  to  produoo  the  required  mole  ratio  which  result* 
in  the  final  compound. 

Generally  the  physical  properties  of  compounds  produced  by  the  one  shot 
system  my  not  be  as  good  as  ths  properties  produced  from  the  prepolymsr  systems, 
because  of  the  difficulty  in  accurately  controlling  the  reactions  taking  place 
simultaneously  in  the  mold. 

bValUftion  of  Rrotctype  B-3C03  Lightweight  Insulated  Footwear 

The  experimental  H-3003  foofewtKir  produced  was  evaluated  in  the  laboratory 
for  physical  and  insulativa  properties  and  informally  under  actual  field  con¬ 
ditions  in  limited  research  teste  in  Alaska. 

A.  Determination  of  Insulati.ve  Properties 

Ten  boots  from  the  fifty  pairs  produced  were  selected  representing  the 
various  minimum  to  maximum  finished  weights  of  footwear  and  subjected  to  the 
sectional  copper  foot  calorimeter  for  determination  of  clo  values.  Table  X 
presents  ths  sectional  clo  values  obtained  on  each  boot.  As  anticipated  the 
insulation  values  (clo  units)  obtained  on  ths  ten  (10)  production  boots 
(Table  X)  were  significantly  increased  over  the  insulation  values  of  the  Initial 
prototype  boot  R-3003-2  as  shown  in  Table  VII.  This  was  accomplished  by  ad- 
jU3t.a«at  of  the  time^-temparaturs  cycles,  as  outlined  in  the  production  proced¬ 
ures,  which  resulted  in  a  more  uniform  cell  site  and  density  control.  The 
design  and  materials  were  the  same  as  used  in  the  original  R- 3003-2  prototype. 


Qcasr&lly,  title  alternated  equipment  available  at  this  time  een  be  placed 
into  two  categories  8  (1)  the  ona  shot  system  -  this  system  requites  that  all 
of  the  ingredients  be  accurately  metered  into  the  nixing  chamber  aad  react 
together  while  being  mixed  to  form  the  required  polyurethane  system.,  This 
tieths&qjMi  precludes  prereactione .  (2)  The  two  or  three  or  more  conqwr.e xA  ore-- 

polynia  system  »  these  components  consist  of  (a)  prepolymer?  (b)  curi.n.t  *.gani; 
and  (c)  blowing  agent .  This  system  requires  prereactions  to  form  the  prepoiy- 
mer  (a)  prior  to  reacting  with  the  other  two  components  (b),  (i)  io.  the  mixing 
chamber » 

The  one  shot  system  is  a  potential  lew  cost  operation  since  the  reactions 
are  initiated  wlti%  the  basic  raw  materials  and  no  previous  additional,  separate 
steps  are  required  for  prere&otions .  The  equipment  ^q^ired  is  lees  complex, 
bee  rasa  starting  materials  are  less  viscous  and  therefore  do  not  require 
sophisticated  pumpirg  systems  and  equipment  to  heat  flow  Unas  in  order  to 
maintain  low  viscosity  of  the  liquid  ingredients.  However,  precision  metering 
equipment  is  required  in  order  to  react  the  ingredients,  that  have  been  accu¬ 
rately  metered,  with  each  other  to  produce  the  required  mole  ratio  which  result* 
in  the  final  compound. 

Generally  the  physical  properties  of  compounds  produced  by  the  one  shot 
system  may  not  be  as  good  as  the  properties  produced  from  the  prepolymer  systems, 
because  of  the  difficulty  in  accurately  controlling  the  reactions  taking  place 
simultaneously  in  the  mold. 

^Valuation  of  Prototype  R-3003  Lightweight  Insulated  Footwear 

The  experimental  R-3OO3  footwear  produced  was  evaluated  in  the  laboratory 
for  physical  and  insulativs  properties  and  informally  under  actual  field  con¬ 
ditions  in  limited  research  tests  in  Alaska. 

A.  Deterninatlor.  of  msulative  Properties 

Ten  boots  from  the  fifty  peirs  produced  were  selected  representing  the 
various  minimum  to  maxiimna  finished  weights  of  footwear  and  subjected  to  the 
sectional  copper  foot  calorimeter  for  determination  of  clo  values.  Table  X 
presents  the  sectional  clo  values  obtained  on  each  boot.  As  anticipated  the 
insulation  values  (olo  units)  obtained  on  the  ten  (10)  production  boots 
(Table  X)  were  significantly  increased  over  the  insulation  values  of  the  initial 
prototype  boot  R-3003-2  as  eho va  in  Table  VII.  This  was  accomplished  by  ad- 
JuatiasEit  of  the  time-tisn^eratsxr*  cycles,  as  outlined  in  the  production  proced¬ 
ures,  which  resulted  in  a  mors  uniform  call  site  and  density  control.  The 
design  and  materials  were  the  same  as  used  in  the  original  R-3003-2  prototype. 


Wt.  in  oucnes  P.6.0  26.7  26.7  24.8  24.6  25.3  23.8  23.3  24.8  24.3 


Table  S  presents  the  eectienal  overall  olo  values  of  eaoh  of  the  tea 
boot*  and  ooaperee  the  lnaulatlon  properties  to  the  atandard  cold-dry  and 
odd-wet  insulated  boota  and  to  the  original  1-3003-2  prototype.  In  addi¬ 
tion,  the  orarall  weights  of  the  boota  are  presented  for  ocaperieon  purpoaea. 


TABU  H 


SBCnOKAL  COPPER  FOOT  DATA 


Standard  Cold-dJry 
Standard  Cold-Wet 
Prototype  R-3003-2 
Production  Boota 
Nhnlber  1; 

6 

111 

20 

2k 

29 

32 

W* 

U8 

50 


Orarall  Clo 

iTsE 

1.76 

1.8U 


2.02 

2.10 

2.05 

lii 

2.10 

2.12 

2.12 

2.00 


26 


2l*.6 

25.3 

23.8 


m 


Arg  clo 


2.061 


A  statistical  analysis  conducted  on  the  ten  production  boota  Indicates 
that  on  a  large  production  basis  90  percent  of  the  boots  should  exhibit 
clo  values  between  1.905  olo  to  2.217  clo. 


The  Insulation  data  In  Table  XI  Indicates  that  only  two  (2)  of  the 
product^  'm  prototype  boots  (numbers  20  and  2li)  exhibit  a  clo  value  below 
2.0.  However,  these  two  clo  values  are  significantly  big  er  than  the  clo 
values  obtained  on  the  standard  cold-dry  boot.  It  should  be  recognised 
that  the  prototype  boots  are  being  developed  to  be  at  least  equivalent  In 
Insulation  values  to  the  standard  cold-wet  boot.  The  oaaparlson  to  the 
Insulation  values  of  the  steudard  cold-dry  boot  is  presented  for  information 
purposes. 

The  clo  value  difference  between  the  lightest  weight  boot  (number  U*) 
at  23*3  ounces  to  the  heaviest  weight  boots  (numbers  6  end  lU)  each  weighing 
26.7  ounces  is  not  considered  significant.  This  data  indicates  that  some 
changes  during  processing  in  weight  and  or  density  at  the  same  thickness 
of  material  can  be  tolerated  without  having  '  significant  effect  on  insula¬ 
tion  values. 
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It  la  anticipated  that  aa  additional  technology  ia  developed  and  the 
required  processing  equipment  beooaea  completely  automated,  which  also 
includes  accurate  temperature  control  of  compounding  ingredients,  assembled 
molds  or  sold  sections  and  curing  ovens,  the  clo  value  range  of  1 .9  to  2.2 
nay  be  narrowed,  with  a  possible  Minima  of  2.0  clo.  In  addition,  the 
overall  weight  differences  between  the  boots  may  be  reduced  to  a  tolerance 
of  plus  or  minus  one  ounce  per  boot. 

The  data  in  Table  XX  is  of  special  significance  in  that  It  indicates 
that  this  lightweight  boot  concept  can  combine  the  functions  of  both  the 
standard  cold-wet  and  cold-dry  boots  in  one  item.  However,  this  would  require 
development  of  materials  with  the  required  low  temperature  properties  and  other 
required  physical  characteristics.  The  materials  presently  used  in  producing 
the  R-3003  prototype  series  do  not  possess  the  required  low-temperature  pro¬ 
perties  for  use  in  the  cold-dry  range. 

B.  CjJjmt^c  Chamber  Evaluation 

Four  pairs  of  the  boots  of  which  the  right  boot  of  each  pair  was  subjected 
to  the  sectional  oopper  foot  calorimeter  (right  boot  numbers  20,  29,  32,  and  50} 
were  compared  to  the  standard  (white)  oold-dry  boot  on  test  subjects  in  the 
climatic  ohambers.  The  comparison  data  art  presented  in  Appendix  C. 

The  primary  test  objective  was  the  evaluation  of  three  auxiliary  heated 
gloves  durli»g  exposure  to  simulated  Arctic  conditions.  The  standard  (white) 
insulated  cold-dry  boots  were  used  as  part  of  the  standard  Arctic  uniform 
in  order  to  protect  the  test  subject  at  -30°F.  Ihe  prototype  (R-3OO3)  foot¬ 
wear  which  is  being  developed  for  the  warmer,  cold-wet  conditions  was  included 
to  obtain  sons  preliminary  acceptance  and  protection  data  on  human  test  sub¬ 
jects  during  cold  exposure. 

A  comparison  of  the  prototype  (R-3OO3)  footwear  with  the  standard  (white) 
insulated  cold-dry  boot  during  exposure  to  a  -30°F,  5  raph  temperature  and  wind 
condition  for  approximately  2  hours  and  25  minutes  is  presented  in  Appendix  C 
and  indicates  the  following  1 

(1)  Differences  in  subjective  thermal  and  comfort  evaluation  across  the 
two  boot  types  vers  not  significant. 

(2)  The  higher  Instep  temperature  recorded  for  the  standard  (white)  insu¬ 
lated  cold-dry  boot  over  that  of  the  prototype  boot  by  the  end  of  the  last 
test  session  corroborates  the  copper  foot  data  obtained  on  Prototype  R-3003-2 
in  Table  VII.  The  Table  VII  data  also  shows  a  higher  olo  value  for  the  sole 
area  of  the  standard  (oold-dry)  insulated  boot. 

(3)  The  cause  of  the  differences  in  foot  temperature  between  the  two 
coots  may  not  be  due  to  the  difference  in  cooling  but  due  to  the  difference 
in  re-warming  at>  a  function  of  exercise.  Since  the  prototype  footwear  has 
an  open  top  while  the  standard  insulated  boot  is  a  lace-on  type,  it  appears 
possible  that  some  of  the  warm  air  produced  by  the  body  during  exercise  is 


being  pumped  oat  into  the  eold  atmosphere.  Tha  addition  of  the  anew  collar 
aa  shown  in  figure  ill  (Prototype  R-3007)  should  inoraaaa  tha  rata  of  re¬ 
warming  during  tha  aacaroiaa  period  and  thereby  nay  beoome  equivalent  in  heat 
retention  properties  to  that  of  the  standard  (white)  insulated  boot. 

(I*)  The  temperatures  recorded  in  the  final  test  session  are  still  con¬ 
sidered  relatively  high  in  both  cases  and  both  boots  will  provide  adequate 
comfort  and  warmth  at  the  reported  temperatures . 

C.  Field  Evaluation  of  Prototype  Footwear 

Two  separate  informal  research  tests  were  conducted  in  Alaska.  Twelve 
pairs  of  prototype  footwear  which  included  3  boots  subjected  to  the  sectional 
copper  foot  calorimeter  (numbers  h,  2k,  and  liU)  were  furnished  to  the  U.  S. 
Amy  Arctic  Test  Center  and  an  additional  twelve  pairs  which  also  included 
three  boots  subjected  to  the  sectional  oopper  foot  calorimeter  (numbers  lU, 

6,  and  1*8)  were  furnished  to  the  U.  S.  A ray,  Alaska. 

The  test  objectives  were  generally  United  to  tha  evaluation  of  insulation 
properties,  comfort  and  effects  of  wear  by  personnel  as  they  conducted  normal 
daily  activities .  The  standard  (black)  insulated  boot  for  cold-wet  use,  which 
the  experimental  prototype  is  being  developed  to  replace,  is  not  currently 
being  used  in  Alaska.  Therefore,  all  comparisons  of  the  experimental  proto¬ 
type  footwear  were  made  against  the  standard  white  (cold-dry)  boot,  larly  In 
the  test  period  both  U.S.  A my  Arctic  Test  Center  and  U.S.  Any  Alaska  were 
authorised  to  modify  the  boots  by  the  addition  of  a  snow  collar  to  preclude 
entry  of  snow  into  boot  and  to  prevent  heat  lose.  This  closure  was  based  upon 
the  snow  collar  developed  and  used  on  prototype  R-3007  shown  in  Figure  ill. 

(1 )  U.  3.  Armor  Arctic  Test  Center  Evaluation 

The  results  of  the  limited  research  test  conducted  by  the  U.S.  Army  Arctic 
Test  Center  are  presented  in  Appendix  D. 

The  test  was  conducted  over  a  68-day  period  and  generally  indicates  the 
following  i 

The  donning  and  doffing  presented  no  difficulties. 

Six  of  twelve  test  participants  stated  that  the  boot  did  not,  at  one  time 
or  another,  provide  adequate  traction  wham  walking  on  melting  ice. 

There  were  no  difficulties  encountered  in  operating  vehioles,  aircraft, 
and  equipment.  In  addition,  there  were  no  problems  due  to  bulkiness  of 
the  boots  during  manipulation  of  brakes  or  olutch  pedals. 

There  was  no  repox*t  of  damage  from  the  spillage  of  petroleum  products 
(such  as  gasoline,  diesel,  solvent,  antifreese,  motor  oil  and  grease) 
onto  the  boots. 
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At  the  ooaplsticn  of  the  toot  it  vu  dieoovered  that  epparojdaately  50 
peroeat  of  the  boot*  exhibited  a  out  4  tear  or  bmk  in  tha  outer akin,  Tha 
oauaa  of  damage  in  moat  oaaaa  was  reported  aa  unknown.  Sinea  tha  damage 
waa  not  discovered  until  tha  coaplatlon  of  tha  test,  tha  indioationa  ara 
that  there  was  apparently  no  effect  on  Insulation  properties  and  that  the 
boots  remained  serviceable.  The  boots  were  worn  at  temperatures  as  low  as 
-1*7°F  but  since  they  were  developed  to  function  only  down  to  -20°F,  the 
lover  temperature  may  have  caused  the  skin  on  some  of  the  boots  to  become 
brittle  and  crack  or  break. 

The  U.S.  A ray  Arctic  Teat  Center  did  not  present  any  conclusions  because 
of  the  limited  number  of  teat  items  and  the  short  period  of  time  that  the 
teat  waa  conducted,  but  did  express  an  opinion  that  the  experimental  light¬ 
weight  footwear  was  not  aa  durable  aa  tha  standard  (white)  insulated  cold- 
dry  boot. 

The  major  objective  of  the  work  waa  to  achieve  insulation  equivalent  to 
that  of  the  standard  (black)  insulated  cold -wet  boot,  with  optimum  durability 
achievable  at  the  reduced  weight.  It  is  assumed  that  the  durability  referenced 
in  the  report  ia  puncture  resistant. .  It  is  anticipated  that  puncture  resis¬ 
tance  can  be  Improved  in  fabrication  of  future  prototypes  by  design  and  material 
modifications . 

(2)  P.  3.  Army  Alaska  Evaluation 

The  results  of  the  limited  research  test  conducted  by  U.  S.  Army  Alaska 
are  presented  in  Appendix  X  end  include  the  following: 

The  U.S.  Amgr  Alaska  furnished  boots  to  both  the  75th  Infantry  Arctic 
Rangers  and  the  19th  Aviation  Battalion. 

The  75th  Infantry  Arctic  Bangers  subjected  the  boots  to  twenty  (20)  days 
wear.  The  boots  were  used  in  skiing  seven  miles,  snowshoeing  four  miles  and 
walking  four  consecutive  miles  per  person  with  no  difficulties  encountered. 

No  slippage  at  the  heel  was  encountered  while  walking,  skiing  or  snowshoeing. 

In  addition,  the  boots  were  used  in  eleven  paradrope  per  person  without 
difficulty. 

The  75th  Infantry  Arctic  Rangers  further  indicated  that  the  support  to 
the  foot  provided  by  the  boot  is  excellent  and  that  the  ease  of  donning  and 
doffing  and  the  weight  of  the  experimental  boot  provide  a  definite  advantage 
over  the  standard  (white)  insulated  cold-dry  boot.  At  the  completion  of  the 
test,  there  was  no  evidence  of  boot  damage  or  wear. 
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The  experimental  boot*  worn  by  element*  of  the  19th  Aviation  Battalion 
station*!  at  Fort  Wainvright,  Alaska,  were  evaluated  primarily  for  compat¬ 
ibility  with  aircraft  flight  oontrola,  for  example,  rodder  pedals  and  brakes. 

Dm  19th  Aviation  Battalion  members  reported  that  the  boots  are  light  and 
comfortable  with  the  exception  of  some  tightness  across  the  instep.  Pedal 
sensitivity  required  to  manipulate  aircraft  controls  was  far  superior  to  that 
of  the  standard  (white)  insulated  cold-dry  boot.  The  experimental  boot  pre¬ 
sented  no  problems  in  walking  but  was  rather  stiff  when  worn  in  a  sitting 
position  manipulating  aircraft  controls.  Overall  the  experimental  boot  was 
rated  superior  to  the  standard  (white)  insulated  cold-dry  boot  in  relation 
to  flying  activities. 

The  results  of  the  limited  Alaskan  field  test  generally  indicated  that 
the  insulation  properties  of  the  experimental  footwear  appear  to  be  adequate, 
the  ease  cf  donning  and  doffing  characteristics  are  a  distinct  advantage  and 
the  test  boots  offer  a  significant  weight  reduction  over  the  standard  boot. 
However,  the  limited  field  test  was  not  conducted  for  a  long  enough  period 
of  time  to  determine  overall  durability  characteristics. 

D.  Determination  of  Physical  Properties 

In  an  effort  to  establish  the  basis  for  the  preparation  of  tentative 
physical  requirements,  physical  testing  was  required.  Destructive  testing 
of  finished  footwear  is  required  since  the  pnysieal  properties  that  would 
be  obtained  from  evaluation  of  prepared  flat  samples  may  not  directly  re¬ 
late  to  the  physical  properties  of  a  finished  boot,  because  of  the  varia¬ 
tions  of  thickness  in  different  areas  of  the  footwear  and  the  possibility 
of  some  differences  in  temperature  and  time  relationships  that  may  be 
encountered  during  processing. 

Die  physical  properties  of  three  boots  selected  from  the  fifty  pairs  of 
prototype  R-3003  produced  were  determined  by  actually  dissecting  the  required 
test  specimens  from  each  boot.  The  selected  boots  are  identified  as  follows: 

One  unused  boot  (number  9 5)  weighing  715  grams. 

Two  boots  used  during  the  Alaskan  test  (numbers  66  and  21)  weighing  765 

grams  and  697  grams  respectively. 

The  two  used  boots  were  selected  to  determine  what  effects  on  the  physi¬ 
cal  properties,  if  any,  had  taken  place  during  use.  There  was  no  significant 
wear  noted  on  the  outeolee  of  these  two  boots . 

The  proper  dissection  of  the  boots  to  obtain  test  specimens  was  considered 
critical  since  the  varying  thickness  of  the  upper  insulation  caused  by  the 
contour  of  the  boot,  as  well  as  the  difficulty  encountered  during  the  separa¬ 
tion  of  the  akin  and  socklining  from  the  foam,  made  it  difficult  to  prepare 
satisfactory  test  specimens.  In  some  eases  the  skin  had  to  be  carefully 
abraded  away  from  the  foam. 
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Table  XII  praaant*  th*  physical  propartiaa  obtained  on  tha  thraa  boots, 

Tha  raaulta  obtained  on  tha  uppar  foam  aaotiona  of  tha  boots  ganarally  indicate 
that  thay  ara  comparable,  with  tha  danaity  varying  batwaan  10  and  12,8  pounds  n cr 
cubic  foot  and  tha  comprasaion  daflaction  at  25  percant  between  2,5  and  4,0 
pounds.  The  compression  set  data  obtained  at  room  temperature  is  erratic  and 
at  the  elevated  temperature  (158°F)  is  considered  high. 

Since  there  is  a  density  gradient  within  the  outsole,  the  variations  in  den¬ 
sity  through  the  cross  section  of  the  outsole  ur.:  anticipated.  Some  of  the  var5 
ations  in  density  from  sole  to  sole  obtained  on  the  worn  boots  in  the  same  c 
sectional  area  may  possibly  be  attributed  to  the  effects  of  wear. 

Satisfactory  samples  from  the  sprayed  skin  of  the  unused  boot  for  use  in 
low  temperature  evaluation  were  unobtainable.  Therefore*  no  low  temperature 
tests  were  conducted.  In  addition  the  tensile  data  obtained  on  the  outer  skin 
of  worn  boot  number  66  was  considered  low. 

During  sample  preparation  it  was  noted  that  on  all  boots  there  were  some 
areas  of  poor  adhesion  of  the  outer  sprayed  skin  to  the  foam.  There  was  also 
a  lack  of  adhesion  of  the  outer  skin  to  the  outside  edge  of  the  outsole. 

The  limited  physical  teats  obtained  in  Table  XII  indicate  that  it  may  be 
difficult  to  set  realistic  tolerances  on  physical  property  requirements  until 
processing  and  production  technique*  are  further  refined  to  more  accurately 
control  time-temperature  relationships  and  to  insure  complete  mixing  of  in¬ 
gredients. 

The  physical  tests  wei  >  conducted  in  accordance  with  test  methods  listed 
in  Appendix  F. 

Since  it  was  difficult  to  obtain  satisfactory  samples  from  the  dissection 
of  finished  footwear  and  in  order  to  get  some  indication  of  how  closely  the 
physical  property  data  obtained  on  prepared  flat  samples  may  relate  to  the  re¬ 
sults  obtained  from  actual  boot  sections,  flat  specimens  in  various  thicknesses 
were  prepared.  These  samples  were  prepared  using  the  same  formulations  and 
processing  procedures  used  to  fabricate  the  fifty  pairs  of  Prototype  R-3003 
footwear.  Flat  samples  in  the  following  thicknesses  were  prepared  for  evaluat 

Upper  insulation  foam  15/16  inch  thick 

Upper  insulation  foam  5/16  inch  thick 

Outsole  foam  11/16  inch  thick 

Outsole  foam  5/16  inch  thick 

Outsole  foam  1/4  inch  thick 

Solid  outer  skin  (sprayed)  ,026  inch  thick 

Solid  outer  skin  (cast)  .060  -  ,080  inch  thick 
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Worn  Boot  Worn  Boot  Unused  Boot 
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cf  tWLolc  enter  skins  by  :h&  spray  mthon  vi»  mi*  v‘m>~ 
?.:■», •■'rtty-nl  because  of  the  possibility  of  edwrt  entrapment  mA  rs- 
«2t«A  porosity.  It  wmi  also  anticipated  that  the  pfcyeiesl  properties 
obtained  m  ffc*  sprayed  skin  versus  the  out  skin  nay  m%  correlate  sines 
they  were  jEMfej;*  3  try  different  processing  techniques.  However,  these  test 
specimens  vwr*.  isr.?aIrA*.t«d  and  the  data,  is  presented  in  Tables  XXII,  XIV,  and 
The  cwrall  ro suits  indicate 'that  it  is  difficult  to  dbtair.  oomiateat 


physical  data  with  Trying  thicknesses  of  foam  'using  the  same  jforMSl&ticns 
and  processing  tet&aiqucs  as  noted  in  the  densities  obtained  in  Table  XIII 
&.'•>.  d  Table  :nv  aad  tbw  tensile  values  obtained  In  Table  Iff.  Test  results 
in  sc®»  oases  were  unobtainable  baoaw.se  of  sample  tMolcaess « 
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Xntf^atiwa.,%al!^ivion  cf  Cownmarcial  Xaaulated  Boots 


In  order  to  compare  the  insulation  prop.srtias  of  the  experimental  pro¬ 
totype  footwear  (R-3003)  to  that  of  currently  available  commercial  insulated 
f'X’twsar,  four  pairs  of  various  types  of  commercial  insulated  boots  (farm, 
Indnaatrisil  tmA/ov  sportswear)  in  size  10  were  obtained.  All  of  the  boots 
selected  war®  approximately  12  inches  high  and  had  a  knitted  cotton  sock- 
lining.  Figiira  21  presents  a  'typical  commercial  insulated  boot  of  the  same 
type  arsuiluatedo  Table  X7X  presents  the  design  and  dimensional  differences 
Aff  wall  as  weight  sr.d  Insulation  relationships  obtained  on  the  commercial 
beets .  In  Table  X?Z1 ,  the  insulation  values  (clo  units)  obtained  on  the 
comnercial  beat®  ere  shewn  and  compared  with  both  the  standard  cold-wet 
insulated  boot  and  the  experimental  insulated  boot  (series  R-3003  -  average 
of  10).  The 1  four  si$«  10  commercial  insulated  boots  fit  snugly  on  the 
seotitm&I  copper  foci.  It  was  determined  that  a  standard  size  inside  di- 
mw&sim  (last  size)  of  a  standard  military  size  10R  insulated  boot  would 
compare  more  properly  to  size  11  or  12  commercial  Insulated  boot.  The 
«n?xg  fit  on  the  sectional  copper  foot  explains  the  low  overall  insulation 
values  obtained  (especially  in  the  important  toe  cap  section)  on  the  ccss- 
msrcial  insulated  boots. 


T m  additional  commercial  insulated  boots  mm  obtained,  one  size  11 
and  the  other  aim  12,  equivalent  in  all  respects  except  for  size  to  the 
size  10  {ocanwercial  #3)  previously  evaluated.  These  two  sizes  were  selects-.' 
to  determine  "s&Leh  else  boots  most  properly  fit  the  sectional  copper  foot 
and  to  determine  if  higher  clo  values  will  ha  obtained  over  that  of  the 
previously  evaluated  sang  fitting  size  10,  commercial  #3,  Insulated  boot. 


The  sisw  11  boot  was  compatible  to  the  copper  foot  in  length,  but 
slightly  snug  in  width.  The  sis®  12  was  compatible  in  width  to  the  copper 
feet,  but  subtly  toe  long.  Kona  of  the  commercial  insulated  boots  fit 
as  wall  as  the  standard  military  insulated  bootB  or  the  experimental  insu¬ 
la  tad  boots  under  development .  - 
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TABLE  XIII 


PROPERTIES  OF  UPPER  INSULATION  FOAM 


Density  (lbs/cu.  ft.) 

11.4 

14.6 

Tensile  PSI 

— 

132. 

300%  Modulus  PSI 

— 

60. 

Elong.  {%) 

— 

550. 

Die  B  Tear  PPI 

— 

13. 

25 %  Comp.  Deflection  PSI 

4.7 

9.6 

50%  Comp.  Set  tfo) 

22  Hrs  @  158°F 

89.7 

— 

22  Hrs  @  70°F 

18.7 

— 

Water  Absorption 

6  Inch  Head 

24  Hrs. 

15.7 

10.6 

48  Hrs. 

25.6 

18.5 

7  Days 

59.1 

44.4 
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TABLE  XIV 


PROPERTIES  OF  OUTSOLE  FOAM 


11/16'*  slab 

5/16"  slab 

l/4»slab 

Density  (lbs/cu.  ft.) 

29.0 

33.7 

43.3 

Tensile  PSI 

---- 

---- 

440. 

300%  Modulus  RSI 

---- 

— 

212. 

Elong.  (%) 

---- 

— 

830. 

Die  B  Tear  PPI 

— — 

— 

52. 

Shore  A  Hardness 

30/45 

45 

55. 

Abrasion  Index 

5.4 

5.4 

10.8 

50%  Comp.  Set(%) 

22  Hrs  @  158°F 

— 

— 

89.0 

22  Hrs  @  70°F 

— 

---- 

29.4 

Water  absorption 

6  Inch  head 

24  Hours 

2.4 

2.6 

1.8 

48  Hours 

2.9 

3.3 

2.3 

7  days 

4.1 

4.6 

3.1 

25%  Co:.p  Deflection  PSI 

28.5 

39.0 

83.5 

58 


TABLE  XV 


PROPERTIES  OF  SOLID  SKINS 

Sprayed 

Cast 

Skin 

Skin 

Thickness 

.026 

.060-, 

Tensile  PS I 

1950 

3390 

300%  Modulus  PSI 

640 

550 

Elong  (%) 

520 

685 

Shore  A  Hardness 

65 

61 

Die  B  Tear  PPI 

63 

116 

Die  C  Tear  PPI 

178 

215 

Torsional  Stiffness 

T2 

-38°C 

-45°C 

T5 

-57°C 

-61°C 

T10 

-62°C 

-64°C 

T100 

-67°C 

-78°C 

080 


59 


TABLE  XVI 


TABLE  XVII 


12-24  Sole 


Table  XVIII  presents  the  results  of  the  sectional  copper  foot 
evaluation  and  as  anticipated  the  overall  clo  values  obtained  reflect 
the  differences  in  fit  and  weight  of  materials.  The  effect  of  sizing  on 
insulation  values  is  reflected  in  the  data  obtained  in  the  instep ,  heel  and 
Achilles.  However,  when  the  experimental  prototype  (!V>3003  series)  and 
the  standard  military  insulated  boots  are  compared  in  weight  and  insulation 
values  to  the  best  of  the  currently  available  commercial  boots,  they  may 
be  considered  as  being  significantly  better.  Sectional  copper  foot 
data  was  also  obtained  on  the  standard  five  buckle  overshoe  and  three 
experimental  molded  lightweight  polyvinyl  chloride  overshoes.  All  of  the 
overshoes  were  evaluated  in  combination  with  the  standard  leather  combat 
boot  and  are  presented  in  Table  XIX  for  comparison  to  the  lightweight 
insulated  prototype  R-3003  boot. 

The  standard  leather  combat  boots  in  size  10R  weighs  at  least  28 
ounces  per  boot.  The  standard  5  buckle  overshoe  weighs  approximately 
32  ounces  per  overshoe.  Thus  the  combination  required  for  use  on  the 
sectional  copper  foot  calorimeter  has  a  total  weight  of  at  least  60  ounces. 

The  three  lightweight  molded  pelyvinyl  chloride  overshoes  have  a  full 
bellow  opening  with  a  button  and  loop  closure  for  ease  of  don  and  doff 
and  weigh  approximately  16  ounces  per  overshoe.  The  total  weight  of  the 
standard  leather  combat  boot  and  polyvinyl  chloride  overshoe  combination  is  at 
least  44  ounces. 

Table  XIX  compares  the  clo  values  obtained  on  the  lightweight  insulated 
(prototype  R-3003)  boot  weighing  an  average  of  24  ounces  per  boot  in 
size  10,  to  the  values  obtained  on  the  standard  leather  combat  boot- 
overshoe  combination*. 

Although  the  overshoes  were  !»«•*■  developed  to  provide  insulation 
properties,  their  insulative  charuu. jristics  in  combination  with  the 
standard  combat  leather  footwear  is  at  least  equivalent  tc  the  previously 
evaluated  commercial  insulated  boot.  However,  the  insulation  values  ob¬ 
tained  or  prototype  R-3003,  lightweight  insulated  boots  are  significantly 
higher  than  all  combinations  evaluated. 

F.  Program  Review 

A  review  of  the  completed  materials  research  studies,  processing 
techniques,  prototype  fabrication  and  evaluation,  indicated  at  this  time 
that  the  polyurethane  technology  developed  had  progressed  sufficiently  to 
allow  the  selection  of  a  prototype  boot  that  should  meet  the  established 
requirements. 
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Completed  performance  studies  (informal  Alaskan  field  testa, 
copper  foot  calorimeter  studies,  cold  chamber  tests)  indicated  that  the 
required  thermal  insulation  properties  for  a  lightweight  boot  had  been 
achieved.  Limited  wear  tests  indicate  that  such  features  as  durability, 
service  life,  comfort  during  prolonged  wear,  and  design  aspects  may  be 
adequate. 

Based  upon  the  results  of  the  overall  review,  prototype  R-3003 
shown  in  figure  10  was  combined  with  the  outsole  design  in  Figure  15 
and  the  snow  collar  shown  in  Prototype  R-3007  in  Figure  14  were  u.»ed  "c. 
form  the  selected  production  Prototype  shown  in  Figure  22. 

Description  of  Selected  Production  Prototype 
Pool,  LigKfcweight^nsulated  (Slack), 
with  Snow  Collar 

The  lightweight  insulated  footwear  is  a  polyurethane  integrally 
cast  boot  of  pull-on  style  requiring  no  lacing  and  is  approximately 
10.50  inches  high.  The  0.75  inch  thick  outsole  is  produced  from  a 
nitrogen  expanded  polyether  type  liquid  polyurethane  resulting  in  a 
core  density  of  25  to  30  pounds  per  cubic  foot.  The  outsole  design 
developed,  provides  increased  wear  surface  dimensions  in  the  ball  of 
the  foot  and  dimensional  stability  to  the  hoot  over  that  of  previous 
designs.  The  outsole  thickness  as  measured  in  the  ball  of  the  foot  from 
the  interior  to  the  exterior  edge  of  the  tread  .is  0.875  inches.  The 
depth  of  the  outsole  tread  is  0.25  inches.  The  insulating  material 
as  it  is  expanded  in  the  upper  part  of  the  boot  is  approximately  a 
10  pound  per  cubic  foot  polyether  type  polyurethane  (approximately 
90%  closed  cell).  The  insulation  thickness  in  the  toe  area  is  0.7Q 
inches  and  tapers  off  to  0,10  inches  at  the  top  of  the  boot  above  the 
ankle.  The  black  inner  lining  or  socklining  of  the  footwear  is  a 
nylon/rubber/ cotton  laminate.  The  natural  rubber  interface  of  the 
socklining  is  vulcanized  prior  to  stitching.  The  cotton  is  tightly 
adhered  to  the  insulating  material  with  the  nylon  towards  the  foot. 

To  provide  a  durable  abrasion  -  resistant  exterior  the  footwear  has 
a  sprayed  on  black  outside  solid  skin  of  polyether  -  type  polyurethane 
(average  th’^kness  0,20  inches).  A  snow  collar  is  provided  to  preclude 
snow  entering  the  boot  and  to  possibly  reduce  heat  loss  as  a  repult 
of  the  open  top  design. 

The  snow  coilai'  is  3  inches  high  and  is  provided  with  a  lace. 

It  is  produced  from  the  same  material  as  the  socklining  except  that  the 
cotton  fabric  is  removed  to  eliminate  water  pick  up  by  the  snow 
collar.  In  size  10R  the  boot  weighs  approximately  24  to  28  ounces 
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per  boot.  The  formulations  for  the  outsole,  upper  foam  and  outer  skin 
for  use  in  producing  the  selected  prototype  are  presented  in  table 
XX  and  the  socklining  material  is  presented  in  Table  XXI. 


Vibrathane  B-602 

Adiprene  L-42 

100 

100 

mPDA 

4 

T 

Nitrosan 

1.5 

5 

Santicizer  S-140 

18 

25 

SF  1079  Silicone  Surfactant 
SF  69  Silicons  Surfactant 

1 

1 

3041  Black 

THF 

"“375 

“5 

Cyclohexanone 

Toluene 

- — 

— 

T33” 

3.4 


1. 

4. 

106.5 

100.0 

86.5 


TABLE  XXI 

SOCKLINIHG  MATERIAL 

Nylon  1826  Nylon  Tricot  Net  (2.7  oz/sq  yd) 

Gum  Natural  rubber  .006  inch  thick 

Cotton  300  Cotton  New  (3.6  oz/sq  yd) 

The  development  of  sophisticated  equipment  and  new  techniques 
and  processes  for  handling  specialized  castable  polyurethane  systems 
has  progressed  to  the  point  where  it  is  considered  feasible  to  produce 
lightweight  insulated  footwear  on  a  full  production  basis. 

The  significance  of  this  development  becomes  evident  when  Figures 
23  and  24  are  compared.  Figure  24  presents  the  component  parts 
that  comprise  tha  selected  lightweight  insulated  prototype  (24  to  28 
ounces  per  boot  size  10)  produced  by  the  integrally  cast  technique. 
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FIGURE  2 h  -  COMPONENT  PARTS  FOR  THE  SELECTED  PRODUCTION  PROTOTYPE 


When  the  four  components  without  the  outer  spray  skin  presented  m 
Figure  24  are  compared  to  the  42  different  component  parts  of  the  conventio 
ally  fabricated  standard  black  insulated  boot  (approximately  44  ounces 
per  boot  in  size  10)  presented  in  Figure  23,  the  reduction  in  the 
number  of  components  and  in  the  finished  weight  of  the  boots  becomes 
obvious.  In  addition,  the  reduction  to  practice  of  the  concept  of 
producing  boots  in  a  pull-on  type  construction  by  the  integrally  cast 
method  results  in  boots  that  are  more  reliable  from  the  standpoint 
of  retaining  insulating  properties,  less  complex  to  produce,  lighter 
in  weight  and  lower  in  cost. 

G .  Development  of  Tentative  Physical  Requirements 

Based  upon  a  review  of  all  the  physical  properties  obtained  and  with 
consideration  given  to  developed  processing  procedures,  tentative 
physical  requirements  were  prepared  and  footwear  thickness  measure¬ 
ments  were  determined  for  use  as  guidelines  during  initial  production 
of  a  limited  quantity  of  footwear  for  extensive  testing.  Tables  XXII 
and  XXIII  present  the  developed  tentative  physical  requirements. 

Prior  to  initiation  of  the  destructive  testing  outlined  in 
Tables  XXII  and  XXIII  the  following  tests  shall  be  conducted: 

(a)  Water  Pick-Up  -  Entire  boot  immersed  for  sixteen  (16)  hours 
at  room  temperature  -  r.ot  more  than  5.0%  increase  in  weight, 

(b)  Split  boot  into  two  (2)  parts  along  mold-line  and  obtain  boot 
dimensions  and  thicknesses. 

(c)  Measurements  for  size  determination: 

1,  Upper  -  After  the  boot  is  cut  Into  two  (2)  parts  along 
the  mold  lines,  refit  the  sections  around  the  last  to  insure  that  the 
cut  edges  meet  each  ot^er  and  that  the  proper  size  dimensions  have 
been  achieved. 


2.  Outsole  -  Cut  out  the  outsole  from  the  boot  and  use  the 
last  bottom  pattern  as  a  measurement  device  to  insure  that  the  proper  size 
dimensions  have  been  achieved.  The  maximum  tolerance  shall  npt  exceed 
+€%  at  any  point  on  the  upper  section  and  outsole,  A  description  of  the 
points  at  which  the  thickness  measurements  are  to  be  made  is  as  follows: 

Upper  Section 

Measui'ament  points  1,  2,  3,  4,  5  and  6  are  all  located  at  the  top  edge  of 
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the  boot.  Points  1  *uu  2  arc  located  on  each  aide  of  the  front  mold 
parting  line.  Points  3  and  h  are  located  on  each  side  of  the  rear  mold 
parting  line .  Points  5  and  6  arc  located  on  each  side  midway  between 
the  front  and  rear  mold  parting  line. 

Measurement  points  7*8,9,10,11,  and  12  are  exactly  in  the  same 
position  relative  to  the  mold  parting  lines  as  those  in  the  paragraph  above 
except  that  they  are  located  on  a  line  parallel  to  the  top  edge  of  the 
boot  and  6  inches  down  from  the  top  edge  of  the  boot. 

Measurement  points  number  13  and  lk  are  located  on  each  side  of  the 
rear  mold  parting  line  approximately  nine  inches  down  from  the  top  edge 
of  the  boot. 

Measurement  points  number  15  and  16  are  located  7  inches  from  the  bottom 
of  the  outsole  measured  as  a  girthing  measurement  from  the  toe  along  the 
front  and  to  each  side  of  the  mold  parting  line. 

Measurement  points  17  and  l8  are  approximately  inches  on  each 
side  of  points  15  and  l6  on  a  line  from  ths  mold  parting  line  to  the 
outsole. 

Measurement  points  19  and  20  are  located  3  inches  from -the  bottom  of  the 
outsole  measured  from  toe  on  each  side  of  the  front  mold  parting  line. 

ffcn.'ur  ment  points  21  and  22  are  located  3  inches  on  each  side  of 
point:;  19  u;vl  20,  on  a  line  from  the  mold  parting  line  to  the  outsole. 
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TABLE  XXIII 


SOCKLINING  PHYSICAL  PROPERTY  REQUIREMENTS 

Physical  Property  Federal  Test  Method  Socklining 

_  Standard  No.  191 


Adhesion  ibs/2  inch  Method  5950 

(Wales  direction) 


2.0  Min 


Tear  grains 

(Wales  direction) 


Method  5132 


2400  Min 


MEASUREMENT  POINT  THICKNESSES 


Point  Number 


1*2*3, 4, 5, 6 
7,8,9,10 
11,  12* 

13,  14 
15,  16 
17,  18 
19,  20 
21,  22 

♦Points  11  and  12  are  located  down 


Insulation  Thickness 
Range  -  Inches 


.100 

-  .200 

.500 

-  .700 

.400 

-  .600 

.500 

-  .700 

.600 

-  .800 

.600 

-  .800 

.700 

-  .900 

.700 

••  .900 

from  points  5 

and  6, 

Outsole 


Cut  the  outsole  into  two  parts  in  the  length  direction  along  the  center 
line  of  the  outsole.  The  following  measurements  are  to  be  made  one  inch 
in  from  each  side  of  the  center  llna: 


Heel  1^750  -  1.850  inches  thick  includes  cleat 
Ball  1.000  -  1.100  inches  thick  includes  cleat 
Arch  .750  -  .850  inches  thick  includes  no  cleat 
Cleat  .200  -  .300  inches  thick 


Since  existing  laboratory  solid  rubber  abrasior  tests  are  not 
capable-  of  properly  evaluating  abrasion  characteristics  of  cellular 
materials  no  abrasion  test  was  specified.  Limited  wear  tests  will 
be  used  in  an  attempt  to  establish  a  relationship  between  physical 
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properties  end  ectuel  weer  characterirtJri. 

It  la  recognised  that  thaaa  tentative  physioal  pro?'  as  ara 
baaad  upon  limitad  data  and  tha  fabrication  of  small  qut  itias  of 
axparimantal  boots.  These  tentative  requirements  will  bi  used  as 
guidelines  until  large  enough  quantities  of  boots  have  been  fab¬ 
ricated  in  a  pilot  plant  or  semi-works  production  facility  using 
closely  controlled  processing  techniques  and  semi-automated  production 
procedures.  The  fabrication  of  large  quantities  of  boots  will  permit 
more  extensive  physical  testing  and  evaluation  of  all  aspects  of  the 
produced  footwear  resulting  in  the  achievement  of  optimum  performance 
requirements, 

H.  Production  of  Footwear 


The  developed  laboratory  procedures  have  been  used  to  design  a  semi¬ 
works  production  facility  in  which  the  metering  and  mixing  of  materials 
is  automatic,  and  the  spraying  of  the  molded  boot  is  automated.  The 
development  and  installation  of  this  semi-works  facility  provide  th* 
elements  for  the  final  step  which  would  be  the  installation  of  a 
commercial  plant  for  full  scale  production  of  lightweight  insulated 
footwear.  The  semi-works  facility  based  upon  the  initial  production 
of  exper5 mental  lightweight  insulated  footwear  in  sizes  8,  9,  and  10 
indicator  -hat  the  economics  and  the  process  evolved  may  be  satisfactory 
for  the  final  commercialization  of  this  new  concept  of  lightweight 
insulated  footwear,  which  may  become  a  standard  item  for  military  use. 

It  is  recognized  that  during  the  continual  evolution  of  the  ' tom 
to  its  optimum  development  and  efficiency  there  may  be  some  chn  , 
and  modifications  made  to  materials,  design  and  processes.  However, 
the  feasibility  of  the  concept  and  production  of  this  new  footwear  has 
been  determined  co  be  practical  and  economically  feasible. 

The  established  production  techniques  indicate  that  the  process 
developed  and  the  types  of  formulations  being  used  allow  the  required 
flexibility  to  make  desired  changes  in  physical  properties  and  or 
design. 

The  development  of  the  lightweight  insulated  footwear  including 
laboratory  evaluation  and  consideration  of  commercial  producibility 
has  been  completed  to  the  point  that  extended  durability  tests  under  field 
conditions  are  necessary  to  confirm  laboratory  data,  develop  use  concepts 
and  establish  final  performance  requirements. 
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The  date  end  techniques  developed  under  this  program  demonstrated 
the  feasibility  of  meeting  the  original  goals.  The  resultant  boots  are 
lightweight,  impermeable  and  provide  protection  for  2  hours  inactivity  at 
-20°F.  The  average  weight  of  a  sise  10  boot  is  21*  to  28  ounces  (approxi¬ 
mately  20  ounces  less  than  the  standard  cold-vet  boot)  and  the  water 
absorption  is  less  than  $%  by  weight.  In  addition,  the  integrally  cast 
technique  developed  significantly  reduces  the  number  of  parts  required, 
eliminates  seams,  and  the  need  for  adhesives  and  complex  fabrication 
techniques  that  could  result  in  weak  areas  and  possible  points  of  failure 
in  boots  assembled  by  conventional  methods. 

Insula tive  properties  are  equal  to  or  better  than  the  standard  (black) 
insulated  boot  for  cold-wet  use  and  show  no  significant  change  in  insulation 
after  wear.  The  results  of  the  initial  production  of  lightweight  insulated 
footwear  indicate  that  the  economics  and  processes  evolved  may  be  satis¬ 
factory  for  the  final  commercial! ution  of  this  new  concept  of  lightweight 
insulated  footwear.  The  fabrication  procedures  within  the  semi -works  pro¬ 
duction  facility  are  basically  manual  with  the  exception  of  the  metering 
and  mixing  equipment  and  the  automated  electrostatic  spray  process  for  the 
application  of  the  outer  skin. 

Baaed  upon  the  satisfactory  completion  of  the  Alaskan  research  test,  to 
be  conducted  by  the  U.  S.  Anor  Test  and  Evaluation  Ooraosnd  during  the  winter 
of  1973-7U,  it  is  planned  to  obtain  necessary  funds  to  assist  Industry  in 
establishing  a  completely  automated  large-scale  production  capability  to 
mass  produce  the  newly-developed  cold-weather  insulated  boot. 
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12.  Summary 

Tha  boots  developed  undar  thla  program  may  ba  oonaidarad  tha  first 
ganaration  in  a  naw  concapt  of  lightweight  inaulatad  military  footwear. 

Tha  results  of  matarials  research  studies,  design  development,  and  the 
establishment  of  processing  techniques  demonstrated  that  lightweight 
insulated  footwear  may  be  produced  by  integrally  casting  and  expanding 
liquid  polyurethane  systems. 

Completed  performance  studies  and  sectional  copper  foot  calorimeter 
data  indicate  that  the  required  thermal  insulation  properties  have 
been  achieved. 

Maximum  weight  reduction  of  insulated  footwear  produced  in  a  pull-on 
type  construction,  while  retaining  other  required  properties,  was  achieved 
by  the  use  of  the  integrally  cast  technique. 

A  reduction  .to  practice  of  the  concept  of  integrally  cast  expanded 
polyurethane  footwear  was  achieved. 

Tentative  physical  property  requirements  were  prepared. 

Production  procedures  were  established,  and  a  semi-works  production 
factility  was  designed  and  put  into  operation. 
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APPENDIX  A 


FORMULATIONS  AND  PHYSICAL  PROPERTIES  OF  BOOT  COMPONENTS 


COMPOSITION  (PHR) 

0UTS0LE 

UPPER 

OUTER  SKIN 

Vibrathane  B-602 

100 

100 

.. 

Vibrathane  B-605 

- 

- 

ICO 

Santicizer  S-140 

25 

25 

40 

i!PDA 

4 

4 

3.8 

Santicizer  S-160 

4 

4 

- 

5F-1079  Silicons 

2 

2 

- 

Nitrosan 

0.7 

7 

- 

US-1SN 

0.7 

3 

- 

3041  Black 

2.1 

- 

5 

Toluene 

- 

- 

200 

THF 

- 

- 

51.2 

PHYSICAL  PROPERTIES 

100%  Modulus  (PSI) 

33 

12 

360 

300%  Modulus  (PSI) 

138 

47 

800 

Elongation  (%) 

550 

440 

570 

Tensile  Strength  (PSI) 

290 

65 

2840 

Split  Tear  (PPI) 

5 

2 

22 

Die  C  Tear  (PPI) 

- 

- 

320 

Density  (lbs/cu.  ft) 

25%  Compression  Deflec¬ 
tion 

28 

12 

@70°  F(PSI) 

33.8 

5.5 

- 

@-20°F(PSI) 

50%  compression  Set 

45.0 

13 

- 

After  22  Hrs  @158°F 

25 

68 

- 

After  22  Hrs  @70°F 

25%  Compression  Set 
After  22  Hrs  @-20°F 

8 

0 

Reading  after  10  sec. 

100 

96.4 

- 

Reading  after  30  min. 

92.5 

94.2 

- 

NBS  abrasion 

22 

- 

- 

Torsional  Stiffness 

t2 

- 

- 

+9°F 

T5 

- 

- 

-39°F 

T10 

- 

- 

-67°F 

T100 

- 

- 

-100°F 
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APPENDIX  B 


BOOT  #  IC-312  -  Chemical  and  Physical  Property  Description 

Integrally  Cast,  No  Sh&nk 
Prototype  A,  Modification  1 

Seek  Weight  17  grams 

Outs ole  Weight  310  grams 

Upper  Insulation  Weight  153  grams 
Skin  Weight  36  grams 

Overall  Weight  18.2  oz. 

Insulation  Thickness  -  Mils 


Upper 

Side 

Front 

Back 

Top 

70 

180 

180 

Ankle 

180 

450 

300 

Heel 

- 

- 

370 

Instep 

360 

500 

- 

Toe 

500 

500 

Outsole 

Heel 

1200 

Arch 

550 

Ball 

780 

Compounds  Used: 

PHR 

Socklining  -  Solid 

Skin 

Royiar  A  850 

100 

Outsole 

Vibrathane  B-602 

100 

■J 570  Black 

.3 

SF- 1079  aUlcone 

2.0 

Methylene  Chloride 

11.0 

M-Phenylenediamine 

4.0 

Santicizer  S-160 

4.0 

Upper  Insulation 

Vibrathane  B-602 

100 

1570  Black 

.3 

SF-1079  Silicone 

2.0 

Nitrosan  Dispersion 

10.0 

MOCA 

9.0 

80 


APPENDIX  B  (Cont'd) 


BOOT^JtlC^S^^^htmioal^an^Ph^tioal^Jlragtrt^^Mcri^tion 
Outer  SKin 

Vibrathane  B-602  100 

Nitrocellulose  Black  2 

M-Phenylenediamine  4 

Physical  Properties 

Sock  Lining 

Tensile  Modulus  @  100% 

Tensile 
Elongation 
Tear,  Die  C 
Tear,  Split 

Outs ole 


Density  28  pcf 

Compressibility  45  psi 

Compression  Set  20% 

NBS  Abrasion  225 

Water  Absorption  1.2% 

Uppi-r  Insulation 

Density  8  pcf 

Compressibility  3  psi 

Compression  Set  25% 

Skin 

Tensile  Modulus  100%  500  psi 

Tensile  7200  psi 

Elongation  53C% 

Tear  Did  C  470  ppi 

Tear,  Split  80  ppi 


1200  psi 
6500  psi 
550% 

700  ppi 
400  ppi 
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APPENDIX  C 


REPORT  Off  CLIMATIC  CHAMBER  TB8T8  OF  ARTIC  B00>r5 
by  John  M.  Lockhart 

Chamber  Condition!:  Subjects  were  exposed  to  a  -30°F.  temperature  and  5  aph 
wind  condition  for  approximately  2  hours  and  25  minutes. 

Number  of  Subjects:  51  subjects  were  exposed  to  the  chamber  condition. 

20  subjects  wore  the  Standard  White  Artie  boot  and  31  subjects  wore  the 
Prototype  Black  boot.  Since  subjects  were  removed  from  the  chamber  when 
their  hand  skin  temperature  reached  or  dropped  below  39°F,  data  analysis  was 
completed  using  only  those  subjects  who  were  exposed  for  the  entire  session. 

Of  these  subjects,  15  subjects  wore  the  Standard  White  Arctic  boot  and  22 
subjects  wore  the  Prototype  Black  boot. 

Activity  of  Subjects:  Immediately  upon  entering  the  test  chamber,  all  subjects 
performed  manual  tasks  while  standing  at  a  table  for  approximately  25  minutes. 
After  this  test  period,  the  subjects  walked  on  a  treadmill  at  the  rate  of 
about  2.5  mph  for  35  minutes.  After  the  first  treadmill  period,  the  subjects 
performed  for  a  second  test  period,  then  a  second  treadmill  period  and 
finally  a  third  test  period  before  leaving  the  chamber. 

Maasures:  Surface  temperatures  were  recorded  throughout  the  exposure 
condition  from  the  big  toe  of  both  feet  and  from  the  instep  of  the  left  foot. 
The  thermocouples  on  the  big  toes  were  placed  Just  below  the  base  of  both 
nails.  After  leaving  the  chambers,  but  before  undressing,  all  subjects 
filled  out  u  questionnaire  concerning  foot  comfort  and  thermal  sensation. 

Results:  The  questionnaire  responses  for  all  test  subjects  who  completed  the 
exposure  condition  are  presented  in  Table  1.  The  numbers  In  Table  1  represent 
the  number  of  subjects  who  assigned  that  particular  rating  to  the  boots  they 
were  wearing.  Responses  to  question  3  were  not  analysed.  Analyses  of  variance 
of  responses  to  questions  1  and  2  showed  no  significant  differences  between 
boots.  However,  the  trend  was  for  che  Standard  boot  to  be  rated  as  more 
comfortable  and  warmer  than  the  Prototype  boot. 
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Table  1,  Questionnaire  Data 

e 

Boot  Type 

Standard  Prototype 

1.  Under  these  environmental  conditions, 
my  feet  were: 

a.  very  comfortable 

b.  comfortable 
6.  fairly  comfortable 

d.  neither  comfortable  nor  uncomfortable 

e.  somewhat  uncomfortable 

f.  uncomfortable 

g.  very  uncomfortable 

2«,  My  feet  were: 

a.  very  cold 

b.  cold 

c.  cool 

d.  about  the  right  temperature 

e.  warm 

f.  hot 

g.  very  hot 

3.  The  amount  of  frost  forming  inside  either  boot  was: 


a. 

none 

13 

18 

b. 

a  little 

1 

3 

c. 

some 

0 

0 

d. 

a  lot 

1 

0 

0  0 

1  3 

1  3 

6  12 

7  4 

0  0 

0  0 


Th*  skin  temperature  data  ussd  ware  thoee  readings  obtained  from  the 
right  big  toe.  left  big  toe,  and  left  Instep  of  the  subjects.  The  test 
periods  during  which  subjects  performed  manual  tasks  mere  analysed  sep¬ 
arately  from  those  periods  during  which  they  walked  on  the  treadmill. 

One  temperature  reading  was  obtained  for  each  subject  at  the  beginning 
of  each  of  these  periods  and  another  at  the  end.  The  number  of  complete 
temperature  records  obtained  from  subjects  wearing  the  Standard  boots 
and  those  wearing  the  Prototype  boots  differed  for  each  analysis.  The 
loss  of  some  temperature  data  was  due  to  broken  thermocouples »  The  over¬ 
all  mean  surface  temperatures  for  each  boot  type  for  each  analysis  and 
the  number  of  subjects  in  each  analysis  are  presented  In  Table  2.  The 
effect  of  boot  type  on  skin  temperature  was  significant  only  in  the 
analysis  of  the  instep  surface  tssqperature  for  both  the  test  and  tread¬ 
mill  sessions.  1  higher  instep  temperature  was  found  for  the  Standard 
boot  than  for  the  Prototype  boot. 


Table  2.  Overall  Moan  Surface  Foot  Tosperaturo  for  Two  Boot 

Types  During  Bqposure  to  -30°F.,  5  mph  Wind  Condition. 


Recording  Number  of 
Site  Subjects 

Treadmill 

Activity  Session  Number  of 
Subjects 

Test 

Right  Big  Toe 

Standard 

11 

82.1* 

10 

81 .3 

Prototype 

12 

(NS) 

79.3 

13 

(NS) 

78.6 

Lift  Big  Toe 

Standard 

9 

77.7 

8 

77.6 

Prototype 

17 

(NS) 

78.6 

16 

(NS) 

80.0 

Left  Instep 

Standard 

12 

86.7 

11 

86.8 

Prototype 

19 

(p.oi) 

81.6 

19 

(p.025) 

83.0 

Note:  p.  indicates  probability  level  for  significant  main  effect.  NS  Indicates 
a  nonsignificant  main  effect. 
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Surface  temperature  at  all  three  pointa  dropped  significantly  across  the  three 
test  sessions  and  across  the  two  treadmill  sessions.  During  the  test  session 
surface  temperature  at  all  three  recording  sites  dropped  significantly  by 
the  end  of  the  session.  During  the  treadmill  sessions ,  surface  temperature 
at  all  three  recording  sites  had  risen  significantly  by  the  end  of  the  session 
Five  of  six  interactions  between  boot  type  and  with  treadmill  sessions  or 
test  sessions  were  significant.  The  mean  surface  temperatures  for  both  boot 
types  across  each  activity  session  are  presented  in  Table  3.  In  general, 
surface  temperature  at  all  three  recording  sites  for  the  Prototype  boot  was 
not  lower  than  the  surface  temperature  for  the  Standard  boot  during  the  first 
test  session  and  the  first  treadmill  session.  By  the  end  of  the  last  test  ses 
si  .in,  the  right  big  toe  and  left  instep  surface  temperatures  were  lower  for 
the  Prototype  boo-*-  than  for  the  Standard  boot.  Since  the  treadmill  sessions 
served  to  rewarm  the  foot  temperature  at  all  three  recording  sites,  it  is 
assumed  that  the  final  difference  found  between  boot  type  was  not  due 
to  differences  in  cooling  but  due  to  differences  in  rewarming  s'-  a  function  of 
exercise.  In  a  conversation  between  the  author  and  the  developer  of  the 
Prototype  boot,  the  developer  mentioned  a  modification  involving  the  addition 
of  a  snow  collar  to  be  aftlfeched  to  the  top  of  the  boot  so  that  the  boot  may 
be  tightened  around  the  leg.  It  is  proposed  that  *6is  modification  would  in¬ 
crease  ihe  rewarming  capability  of  the  boot  during  exercise  resulting  in  foot 
surface  temperatures  very  similar  to  those  for  the  Standard  White  Arctic  boot. 

Table  3.  Mean  Surface  Temperature  for  Two  Boot  Types  during  -30°F. , 

5  mph  Wind  Exposure  Condition 

Surface  Temperature  Type  of  Activity 


Recording  Sites 

Test  1 

Treadmill  1 

Test  2 

Treadmill  2 

Test  3 

Right  Big  Toe 

Standard 

84,4 

80.8 

78.8 

(p.025) 

Prototype 

87.0 

79.6 

69.3 

Standard 

84.0 

80.8 

(p.025) 

Prototype 

84.1 

74.5 

Left  Big  Toe 

Standard 

82.4 

76.3 

73.8 

(NS) 

Prototype 

87.0 

80.8 

72.0 

Standard  80.3  75,1 

(p.05) 

Prototype  84.1  73.2 
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Recording  Sites 

Test  1 

Treadmill  1 

Te.it  2 

Treadmill  2 

Test  3 

Left  Instep 

Standard 

88.0 

87.0 

85.4 

(p.005) 

Prototype 

87.2 

82.8 

78,8 

Standard 

87.2 

86.2 

(p.001) 

Prototype 

84.3 

78.8 

Note:  p.  Indicates  probability  level  for  significant  interaction,  NS  indicates 
a  nonsignificant  interaction. 

Summary  and  Conclusion:  A  Prototype  Black  Cold  Weather  boot  was  compared  with 
l!fie  Standard  White  Arctic  boot  during  exposure  to  a  -30°F.»  5  mph  wind  condition 
for  approximately  2  hours  and  25  minutes.  Differences  in  subjective  thermal  and 
comfort  evaluations  across  the  two  boot  types  were  not  significant.  Foot  surface 
temperature  was  significantly  lower  for  the  Prototype  boot  than  for  the  Standard 
boot  by  the  end  of  the  exposure  period.  It  is  recommended  that  further  chamber 
tests  be  done  under  more  extreme  temperature  and  windspeed  conditions  for  longer 
periods  of  time  using  a  recent  modification  of  the  Prototype  boot. 
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APPENDIX  D 

Letter  Report  of  Customer  Test  of  the  Boot,  Insulated,  Lightweight 

by 

United  States  Ariry  Arctic  Test  Center 


STEAC-MT-ENI 


DEPARTMENT  OF  THE  ARMY 

UNITED  STATES  ARMY  ARCTIC  TEST  CENTER 
AAOSIATTLt  3C73S 


5  May  1971 


SUBJECT:  Letter  Report  of  Customer  Test  of  the  Boot,  Insulated,  Light¬ 
weight,  USATECOM  Project  No.  8-EI-485-000-02T? 


Commanding  General 

U.  S.  Amy  Natick  Laboratories 

ATTN:  AMXRE-CE 

Natick,  Massachusetts  01760 


1.  References: 

a.  Letter,  AMXRE-CE,  Natick  Laboratories,  12  January  1971,  sub¬ 
ject:  Request  for  Engineering  Design  Test  Boot,  Insulated,  Light¬ 
weight. 


b.  Letter,  AMSTE-BC,  USATECOM,  21  January  1971,  subject:  Cus¬ 
tomer  Test/Support  Directive:  Engineering  Design  Teat  of  Boot,  In¬ 
sulated,  Lightweight. 

c.  Pinal  Report ,  Research  Test  of  Lightweight  Insulated  Boot 
Under  Arctic  Winter  Conditions,  USATECOM  Project  No.  8-7-6007-01, 
dated  31  May  1968. 

2.  Background: 

a.  Materials  Research  conducted  by  NLABS  resulted  in  the  devel¬ 
opment  of  a  lightweight  material  with  high  insulative  properties. 

In  order  to  assess  this  material  and  gain  experience  in  its  use,  a 
Research  Test  (reference  lc)  was  conducted  at  USAATC  on  prototype  foot¬ 
wear  fabricated  with  the  new  material. 

b.  As  a  result  of  the  experienced  gained  in  the  Researcn  Test 
and  additional  laboratory  studies,  NLABS  has  developed  a  second  proto¬ 
type,  lightweight,  insulated  boot  designed  for  use  in  the  same  cli¬ 
matic  range  as  the  current  Standard  Boot,  Insulated,  Cold  Weather, 
Man's,  Rubber,  Black, 


STEAC-MT-ENI  5  Iky  X97X 

SUBJECT :  Letter  Report  of  Customer  Test  of  the  Boot,  InsuleMd,  Light¬ 
weight,  USATECOM  Project  No.  8-EI-485-000-0y''3 

c.  It  was  requested  that  a  limited  Engineering  Design  Test  be 
conducted  on  12  pairs  of  these  experimental  lightweight  insulated 
boots. 

3.  Test  Objective: 

The  objective  of  this  test  was  limited  to  the  evaluation  of  the 
effects  of  wear  by  Arctic  Test  Center  personnel  as  they  conducted 
normal  outdoor  testing  activities. 

4.  Method: 

a.  Twelve  pairs  of  boots,  all  site  10R,  arrived  at  the  Arctic 
Test  Center  8  February  1971  from  Natick  Laboratories.  The  boots  were 
visually  inspected  for  any  defects  and  were  weighed  and  measured. 

b.  The  boots  were  Issued  to  12  personnel  involved  in  tasting  and 
duty  soldier  activities  in  an  arctic  environment.  These  participants 
stated  that  the  fit  of  the  boot  felt  normal  and  volunteered  to  test 
the  boot.  Their  foot  sizes  ranged  from  8EEE  to  11  1/2E  as  measured 
with  the  Foot  Measuring  Device,  Mens',  Both  Feet  Simultaneously,  FSN: 
8335-267-2965. 

c.  The  test  was  conducted  over  a  68-day  period.  Each  day  the 
boots  were  worn,  a  questionnaire  was  completed  (lnclosure  1).  Testing 
was  conducted  in  temperatures  ranging  from  -47 °F  to  above  freesing 
(lnclosure  2)  in  terrain  and  weather  typical  of  that  encountered  in 

an  arctic  environment. 

d.  In  an  effort  to  reduce  heat  loss  and  preclude  enow  entering 

the  boot  as  a  result  of  the  open  top  design,  a  modification  was  suggested 
and  approved  by  Dr.  Malcom  Henry  of  Natick  Laboratories.  The  modifi¬ 
cation  was  applied  at  this  Center  and  consisted  of  a  folded  piece  of 
7.25-ounce  water  repellent  nylon  duck  5.5  inches  high  sewed  to  the  boot 
upper  with  a  drawstring  to  snug  the  boot  down  around  the  calf  of  the 
leg. 

e.  During  early  April,  the  temperature  at  the  Arctic  Test  Center 
rose  to  above  freezing  and  permission  was  requested  and  received  from 
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STEAC-MT-ENI  5  May  1971 

SUBJECT:  Letter  Report  of  Customer  Test  of  the  Boot,  Insulated,  Light¬ 
weight,  USATECOM  Project  No.  8-E 1-485-000-0 VLB 

Mr.  Tom  Dee  of  the  Infantry  Directorate  at  USATECOM  to  terminate  the 
test  as  of  16  April  1971.  The  detailed  results  of  test  and  the  test 
boots  are  being  forwarded  to  Natick  Laboratories  by  separate  corre- 
spondence. 

5.  Summary  of  Results: 


a.  Results  of  the  Preopera tion* 1  Inspection: 


Left 


Average  height  from  heel  to  top  of  boot 
Average  length  from  toe  to  heel 
Average  width  of  boot  at  widest  point 
Average  tread  depth  of  sole 
Average  tread  depth  of  heel 
Average  weight  of  boot 


10.79  in, 
12.16  in. 
4.93  in. 
0.201  in. 
0,257  in. 

1  lb.  8  oz. 


b.  Effects  ot  Wear  by  VSAATC  Personnel: 


Right 

10.76  in. 
12.15  in. 

4.89  in. 
0.265  in. 
0.270  in. 

1  lb.  7.5  oz. 


(1)  Donning  and  Doffing,  Eleven  of  the  twelve  test  participants 
stated  that  donning  and  doffing  presented  no  difficulties.  Difficulties 
were  reported  by  one  individual  whose  feet  measured  11  1/2E. 


(2)  Traction.  Six  of  the  twelve  tes*  participants  stated  that 
the  boot  did  not,  at  one  time  or  another,  provide  adequate  traction 
when  walking  on  melting  Ice, 


(3)  Boot  Damage  Discovered  at  the  Completion  of  Testing  (the 
term  "cut"  is  used  to  indicate  a  long  cut,  tear,  or  crack  in  the  boot). 


Boot  No, 

Left 

T1 

No  damage. 

No  damage. 

T2 

Two-inch  cut  across  top  of  toe 

One-half  inch  punc¬ 

approximately  1/8-inch  deep. 

ture  on  right  side, 

Cause:  Unknown. 

approximately  1 /4-inch 
deap.  Cause:  Recovering 

One-inch  cut  along  left  side 

from  hole  covered  with 

approximately  1/4-inch  deep. 

snow  apprexlmately  3  feet 

Cause:  Snagged  on  an  object 
while  walking. 

deep. 
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STEAC-MT- 

SUBJECT: 

■ENI 

Letter  Report  of  Customer  Test  of  the 
weight,  USATECOM  Project  No.  8-EI-485* 

5  May  1971 

Boot,  Insulated,  Light- 
■000-02/2 

Boot  No. 

Left 

Right 

Two-inch  cut  along  left  side 
of  heel  approximately  1/8-inch 
deep.  Cause:  Unknown. 

One-inch  cut  on  the  heel 
approximately  1/8-inch  deep. 
Cause:  Unknown. 

1'3 

One- fourth -inch  cut  on  heel 
approximately  1/8-inch  deep. 
Cause:  Unknown. 

One- fourth-inch  punc¬ 
ture  on  toe  approximately 
1/ 4-inch  deep.  Cause: 
Unknown . 

One-inch  cut  on  heel 
approximately  1/4— inch 
deep.  Cause:  Unknown. 

T4 

No  damage. 

Ons-half-inch  puncture 
on  left  side  approximately 
1/4-inch  deep.  Cause: 
Unknown. 

T5 

No  damage. 

No  damage. 

T6 

One  and  one-half -inch  cut 
on  heel  approximately  1/8- 
inch  deep.  Cause:  Unknown. 

One-half-inch  cut  on  heel 
approximately  1/8-inch 
deep.  Cause:  Unknown. 

T7 

No  damage. 

No  dimage. 

T8 

Several  lugs  on  center  sole 
missing.  Possible  cause: 
extensive  vehicle  operation. 

One- fourth-inch  puncture 
on  left  side  approximately 
1/8-inch  deep.  Cause: 
Unknown. 

Several  lugs  missing  on 
center  sole.  Possible 
causa:  Extensive  vehi¬ 
cle  operation. 
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STEAC-MT-ENI  5  May  1971 


SUBJECT: 

Letter  Report  of  Customer  Test  of  the  Boot,  Insulated,  Light 
weight,  USATECOM  Project  No.  8-EI-485-000-0 &  J 

Boot  No. 

Left 

Right 

T9 

One-half-inch  puncture  on  left 
side  approximately  1/8-inch 
deep.  One-half-inch  puncture 
on  toe  approximately  1/4-inch 
deep. 

Two-  inch  cut  on  heal 
approximately  1/8-inch 
deep.  Cause:  Unknown 

One-fourth  inch  cut  on  heel 
approximately  1/8-inch  deep. 

One-fourth-inch  cut  on  left 
side  of  heel.  Causes r  Unknown. 

T10 

No  damage. 

No  damage. 

Til 

No  damage. 

No  damage. 

(4)  Effect  of  Petroleum  Products  (Gasoline,  Diesel,  Solvent, 
Antifreeze,  Motor  Oil,  end  Grease),  Six  te3t  participants  reported 
instances  of  petroleum  product  spillage  on  the  boots.  No  damage  re¬ 
sulted. 

(5)  Difficulties  in  Operating  Vehicles,  Aircraft,  and  Equipment. 
No  problems  due  to  bulkiness,  manipulation  of  clutch  pedals,  brakes, 
etc.,  were  reported. 

(6)  Compatibility  with  Military  Skis  and  Snowshoea: 

(a)  One  test  participant,  foot  size  10D,  experienced  in  snow- 
shoeing,  wore  the  boots  while  fitted  with  the  U.  S.  Army  Wooden  "Trsil" 
snowshoe  and  reported  no  difficulty. 

(b)  One  proficient  skier,  foot  size  11EE,  fitted  with  the  current 
Standard  A  cross-country  ski,  reported  that  the  test  boot  offers  less 
ankle  support  than  the  White  Vapor  Barrier  boot  or  the  Mountain  and 
Ski  boot.  It  was  also  reported  that  excessive  heel  lift  occurred  when 
lunging  forward  as  in  a  "one  step"  ski  movement. 
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STEAC-MT-ENI  5  May  1971 

SUBJECT!  Letter  Report  of  Customer  Test  of  the  Boot*  Insulated,  Light 
weight,  USATECOK  Project  Nc.  8-EI-485-000-02/3 


(7)  tnaulative  Value: 

(a)  Two  test  participants  reported  Instances  where  their  feet 


got  cold.  All  instances  reported 
gauntlet  to  the  boot. 

were  prior 

to  the  addition  of  the 

(b) 

The  circumstances  were  as  follows: 

Participant 

Number  1 

Foot  Size 

Ambient  Temperature 

Exposure 

Activity 

11  1/2E 

-15°F  to  -30°F 

2  hours 

Vehicle  test  officar  (super¬ 
visory) 

-25  JF 

4  hours 

Vehicle  test  officer  (super¬ 
visory) 

-47°F 

3  hours 

Vehicle  test  officer  (super¬ 
visory) 

-0°F  to  -20°F 

Participant 

3  hours 

Numb  er  2 

Passenger  in  UH1  helicopter 

Foot  Size 

Ambient  Temperature 

Exposure 

Activity 

11EE 

-27°F  to  -43°F 

2  1/2 

Marching.  Snow  got  inside 

hours 

boot  top  and  had  to  be  re- 

moved  because  of  cold. 


(8)  Support  and  Balance-  The  two  particpants  in  paragraph  (7) 
ab  ive.  reported  difficulties  with  support  and  balance.  The  one  with 
size  11EE  reported  these  difficulties  only  while  skiing. 


(9)  Tread  Wear: 

a.  Average  tread  depths  before  and  after  test  period  were  as  follows 
Left  Right 


Before 

After 

Wear 

Before 

After 

Wear 

.201  in. 

,183  in. 

,014  in. 

,265  in. 

.239  in. 

.026  in. 

.257  in. 

.247  in. 

,010  in. 

.270  in. 

.255  in. 

.015  in. 
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SUBJECT:  Letter  Report  of  Customer  Test  of  the  Boot,  Insulated,  Lights 
weight,  USATECOM  Project  No.  8-EI-485 -000-0 1X3 

(b)  Average  wear  -  .018  inches  or  approximately  1/64-inch. 

(c)  The  instrument  t'^ed  to  measure  tread  depths  was  designed  for 
use  on  a  flat  metal  surface.  It  is  probable  that  some  error  was  in¬ 
troduced  because  of  the  flexibility  of  the  sole  and  the  rounded,  worn 
lugs  on  the  sole. 

(10)  Comfort.  Comfort  data  could  not  be  analyzed  because  of  the 
large  number  of  test  participants  whose  foot  size  did  not  correspond 
to  the  boot  size. 

6.  Conclusion: 

No  substantial  conclusions  can  be  drawn  due  to  the  limited  sample 
size  and  short  test  period.  It  is  the  opinion  of  this  Center  that  the 
test  item  is  not  as  durable  as  the  Standard  White  Vapor  Barrier  Boot. 

7,  Recommendation: 

It  is  recommended  that  the  boot,  with  gauntlet  and  improvements 
in  durability,  be  tested  in  a  more  extensive  Engineer  Design  Test  using 
an  adequate  sample  of  ptoperly  fitted  soldiers  in  an  arctic  winter  field 
environment  of  6  months  duration. 

FOR  THE  COMMANDER: 
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a.  sujtabiljty-compatibilFty  rc 

U.  8.  ARMY  ARCTIC  TEST  CHOIR 
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BOOT  SUITABILITY-COMPATIBILITY  FORM 


GENERAL:  The  test  participant  will  complete  this  form  at  the  end  of  each  teat 
day. 


(NAME)  (LAST)  (FIRST)  (MI)  (DA1B) 

1.  Which  boot  did  you  wear: 

Boot  No.  _ 


I  wore  pair(s)  of 

socks 

(number) 

J (type) 

2.  What  was  the  outdoor  temperature  range?  _ WF  to  °T 

3.  Describe  ir.  detail  your  activities  while  wearing  the  teat  boot! _ 


4.  Were  the  boots  comfortable? _  Yes  _ No 

If  no,  explain _ 


5. 


I  encountered  t he 

CD  Stiff 

□  Loose 

□  Too  warm 

□  Beer use  of: 

□  Perspiration 


following  difficulties) 

[  )  Too  Cold 

□ 

1  rJ  Tight 

D 

]  J Mobility 

□ 

Q  None 

Failure  to  bold  binding 
Difficulty  in  mounting 
Boot  got  wet  inside 


a  Snow,  ice 


CD  Water 


S7FAC-WT-EN  Form  311 
P  Oct  TO  (one  tire) 


-tael  T 
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Explain  how  snow,  ice,  or  water  got  in  the  boot 


6. a.  I  wore  the  test  boot  in  or  on  (vehicle)  for 


hours  (and  did  what?) 


6. b.  1  encountered  difficulty  in: 

a  Mounting  and  dismounting  □  Poot  comfort 

a  Leg  and  foot  room  □  Ot  her 

7.  Did  you  have  cny  problem  donning  or  doffing  the  boot?  □  Yee  Qko 
What  type  glove  did  you  have  on? 

8.  Answer  Yes  or  No: 

a.  Did  the  boot  give  good  support? _ . 

b.  Did  the  boot  give  good  balance? _ . 

c.  Did  the  boot  provide  good  traction  while  walking  on  melting  ice? _ 

d.  Waa  the  boot  comfortable  while  traversing  mountainous  terrain? 

If  no,  explain _ _ _ 


e.  Did  the  boot  slip  at  the  heel? _ . 

f.  Does  the  boot  need  a  "takeup"  strap  at  the  top? _ 

g.  Were  any  petroleum  products  spilled  on  the  boots?_ 


at  the  ankle? 


9.  The  boot  sustained  damage  (location,  how,  how  much,  and  effect) 


Was  the  damaged  boot  able  to  provide  adequate  insulation? 

10.  Examination  of  your  feet  revealed? _ 


Dve-  D. 


11.  If  you  were  subjected  to  sustained  combat  in  temperatures  of  -20°F  and  above, 
which  boot  would  you  prefer  to  weav?  _ White  VB  Boot  _ Teat  Boot. 


I  have  the  following  comments: 


APPENDIX  E 


'ort  i  Lvu-uation  of  Boot,  Lightweight,  Insulated, 
Wellington  Style 


Headquarters,  United  States  Ariqy,  Alaska 


DEPARTMENT  OF  THE  ARMY 

HEADQUARTERS.  UNITED  STATES  ARMY.  ALASKA 
AAO  SEATTLE  »•'.  <B 


ARACD  1  7  JUN  1971 

SUBJECT:  Report  of  Evaluation,  Boot  Lightweight  Insulated,  Wellington 
Style 


Commanding  General 

US  Arny  Natick  Laboratories 

ATTN:  AMXRE-CCP 

Natick,  Massachusetts  01760 


The  evaluation  report,  subject  above,  is  forwarded  for  your  information 
and  necessary  action.  Please  note  this  report  is  in  six  parts:  Parts 
I  and  II  developed  by  Company  0,  75th  Infantry  (Arctic  Rangers),  Parts 
III  and  IV  developed  by  the  19th  Aviation  Battalion  and  Parts  V  and  VI 
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LIGHTWEIGHT  INSULATED  BOOT  EVALUATION  REPORT 
Co  0,  75th  Infantry  (Arctic  Rangers) 


I 

General  Data 


1.  The  experimental  boot  was  worn  by  the  same  five  men  during  the  test 
period  and  encompassed  a  total  time  of  wear  of  20  days  per  pair  during 
the  months  of  February,  March  and  April  1971. 

2.  Each  man  wore  a  size  10  as  his  normal  boot  size. 

3.  Boots  were  worn  with  one  pair  of  cushion  sole  socks. 

4.  Temperature  ranges  varied  from  +20*F  to  -50"F. 

5.  Boots  were  modified  early  in  the  evaluation  to  include  the  addition 
of  a  three  to  four  inch  cuff  on  the  top  capable  of  being  closed  with  a 
Velcro  fastener  to  preclude  entry  of  snow  into  the  boot. 


II 

Remarks 


1.  Boots  were  utilized  in  skiing,  seven  miles  per  person,  and  no 
difficulties  were  noted  when  utilizing  the  current  standard  A  all 
terrain  binding;  however,  with  the  advent  of  the  cable  binding  a  pro¬ 
trusion  is  needed  on  the  heel  to  prevent  the  cable  binding  from  slipping 
off.  Note:  A  protrusion  on  the  heel  or  a  groove  in  the  heel  approx¬ 
imately  3/8"  to  1/2"  wide  and  3/8"  deep  is  required  for  use  with  the 
cable  binding;  however,  a  decision  as  to  which  (protrusion  or  groove) 
should  not  be  made  until  boots  incorporating  these  features  have  been 
evaluated. 

2.  Boots  were  utilized  in  snow'-hoeing  a  distance  of  four  miles  per 
person.  No  difficulties  were  noted. 

3.  Boots  were  utilized  in  walking  a  distance  of  four  consecutive  miles 
per  person.  No  difficulties  were  noted. 

4.  Boots  were  utilized  in  11  paradrops  per  person.  No  difficulties 
were  encountered. 


INCL  1 


100 


5.  No  boot  damage  or  evidence  of  wear  was  noted. 

6.  The  support  of  foot  provided  by  the  boot  is  excellent. 

7.  The  weight  of  the  boot  is  a  definite  advantage  over  that  of  the 
Vapor  Barrier  boot. 

8.  No  slipping  up  and  down  was  noted  while  walking,  skiing  or  snow- 
shoeing. 

9.  The  ease  of  donning  and  doffing  is  a  definite  advantage  over  the  Vapor 
Barrier  boot . 

10.  The  addition  of  the  cuff  is  indispensable  in  keeping  snow  out  of  the 
boot;  however,  a  drawstring  closure  may  be  more  desirable  than  Velcro. 

11.  The  lowest  temperature  \v  whicn  the  feet  remain  warm  (moving  and 
standing)  was  -20“F. 

12.  At  -40“F  one  man's  feet  became  numb.  At  -50“F  one  man  experienced 
first  degree  frostbite  after  standing  for  a  period  of  approximately  one 
and  one  half  hours. 


19th  Aviation  Battalion 


III 

General  Data 


1,  The  experimental  boot  used  by  elements  of  the  19th  Aviation  Battalion 
stationed  at  Fort  Wainwright,  Alaska  was  evaluated  primarily  against 
compatibility  for  use  with  aircraft  flight  controls;  i.e.,  rudder  pedals 
and  brakes. 

2,  Three  pair  of  boots  were  provided  to  the  19th  Aviation  Battalion. 

3,  The  boots  provided  to  the  19th  Aviation  Battalion  were  rotated  among 
aircrewmen  that  wore  a  size  10  as  their  normal  boot  size. 


IV 

Remarks 


1.  The  boots  are  light  and  comfortable  with  the  exception  of  tightness 
across  the  instep. 

2.  The  feelings  and  sensations  required  to  manipulate  aircraft  con¬ 
trols  weTe  far  superior  to  the  VB  boot;  he- ‘ever,  the  Air  Force  mukluks 
were  still  rated  over  the  test  boots. 
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3.  Each  person  tested  reported  that  their  feet  prespired  more  with 
the  arctic  test  boots  than  with  VB  boots  or  Air  Force  mukiuks, 

4.  The  boot  presented  no  problems  walking  but  was  rather  stiff  when  in 
a  sitting  position  manipulating  aircraft  controls. 

5.  The  modification  adding  the  extension  to  the  top  of  the  boot  improved 
the  boot  from  its  original  configuration;  however,  a  drawstring  to  tighten 
the  extension  around  the  leg  should  be  added  to  close  the  top  to  prevent 
heat  loss  or  deep  snow  from  entering. 

6.  The  construction  of  the  boot  appears  to  be  some  type  of  sponge  rubber 
with  a  latex  or  composition  overspray.  A  general  question  was  "If  the 
outer  layer  is  punctured,  would  the  sponge  layer  underneath  soak  up 
moisture  accordingly?" 

7.  Overall  the  Test  Boot  was  rated  superior  to  the  VB  boot  in  relation 
to  flying  activities.  Of  all  aviators  subjected  to  the  test  each  one 
preferred  the  Air  Force  mukiuks  for  flexibility,  warmth  and  comfort 
over  the  Test  Boot. 


Overall  Conclusions/Recommendat ions 


V 

Conclusions 


1.  The  test  boot  offers  a  significant  weight  reduction  over  the  standard 
Vapor  Barrier  boot. 

2.  The  ease  of  donning  and  doffing  :*.s  a  distinct  advantage. 

3.  The  boots  are  compatible  for  use  in  walking,  snowshoeing,  the  execution 
of  paradrops  and  skiing;  however,  for  skiing  should,  as  previously  stated, 
be  modified  to  accept  a  cable  type  ski  binding. 

4.  Lowest  temperature  worn  with  total  comfort  walking  and  standing,  -20*F, 
is  suspect.  There  may  have  been  a  sizing  problem,  although  all  test 
subjects  allegedly  wore  a  size  10  as  their  normal  size,  plus  ?he  fact 

that  other  persons  not  involved  in  the  evaluation  have  worn  the  boots  at 
-30WF  to  -40VF  without  discomfort, 

5.  A  cuff  on  the  top  of  the  boot  with  a  means  of  closing  is  required  to 
prevent  the  entry  of  snow. 
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6.  The  boots  are  suitable  for  use  by  aircrewmen;  however,  are  not  the 
preferred  item. 

7.  The  boot  is  tight  across  the  instep. 

Vi 

Recommendations 


1.  The  program  be  continued. 

2.  A  variety  of  sizes  be  provided. 

3.  The  heel  be  modified  by  the  addition  of  a  protrusion  or  groove  to 
accept  a  cable  type  ski  binding.  Prototypes  should  be  designed  (not  on 
the  s.nme  pair  of  boots)  incorporating  these  features  and  after  test  the 
decision  be  made  as  to  the  most  desirable  modification. 

4.  The  boot  be  modified  by  the  addition  of  a  three  to  four  inch  cuff 
with  a  drawstring  closing  device  to  preclude  the  entry  of  snow. 

5.  Instep  be  slightly  enlarged;  however,  not  to  the  extent  that  heel 
slippage  will  occur. 


APPENDIX  F 


Teat  Methods  Uaad  in  Deterwinina  Physical  Propsrtiss 


Test 

mmm—mn 

Tensile,  Modulus  t  Elongation 

Compression  Deflection  25% 

Compression  Set  50% 

Water  Absorption: 

Vacuum  Method 

Torsional  Stiffness  Test 

Die  B  Tear 

Shore  A  Hardness 

Thickness 

Die  C  Tear 

Abrasion  Index 

Space  Density 

Water  Absorption 
6  inch  head 


Method 

ASTM-D-412-66 

ASTM-D-1056-67T 

ASTM-D-1056-67T 

ASTM-D-1056-67T 

ASTM-D-1053-65 

ASTM-D-624-54 

ASTM-D-2240-64T 

ASTM-D-10ii6-67T 

ASTM-D-624-54 

ASTM-D-16 30-61 

By  water  displacement 

Federal  Std,  No  601  Method  12411 
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